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7KHUH LV SHUKDSV QR VRFLDO LVVXH PRUH FRQWURYHUVLDO WKDQ WKH SHUFHLYHG SHUVLVWHQFH RI ?XQIDLU
GLVFULPLQDWLRQ LQ WKH HFRQRP\ 7KLV W\SH RI GLVFULPLQDWLRQ RFFXUV ZKHQ D FKDUDFWHULVWLF
VXFK DV UDFH WKDW DQ DSSOLFDQW KDV QR FRQWURO RYHU DQG WKDW KDV QR GLUHFW EHDULQJ RQ WKH
DELOLW\ RI WKH DSSOLFDQW WR SHUIRUP WKH GXWLHV VKH LV DSSO\LQJ WR GR LV XVHG DV D FULWHULRQ IRU
VHOHFWLQJ WKH DSSOLFDQW 7KXV DOWKRXJK DQ HPSOR\HH
V VH[ RU UDFH PLJKW KDYH QR PRUH LQoX
HQFH RQ KLV DELOLW\ WR GR D SDUWLFXODU MRE WKDQ VD\ WKH FRORU RI KHU H\HV WKHUH DUH H[DPSOHV
RI HFRQRPLHV LQ ZKLFK HPSOR\HUV EDVH WKHLU KLULQJ GHFLVLRQV LQ SDUW RQ DQ DSSOLFDQW
V UDFH
RU VH[ 7KH TXHVWLRQ RI KRZ WKLV SUDFWLFH FDQ SHUVLVW LQ D FRPSHWLWLYH PDUNHW KDV LQWULJXHG
HFRQRPLVWV IRU VRPH WLPH
7KH nUVW FRPSOHWH HFRQRPLF DQDO\VLV RI GLVFULPLQDWLRQ LV E\ %HFNHU  ,Q WKLV VWXG\
%HFNHU WDNHV D WDVWH IRU GLVFULPLQDWLRQ DV DQ HFRQRPLF SULPLWLYH +RZHYHU DV $UURZ 
S  VXEVHTXHQWO\ DUJXHG
?7KH SRVVLEOH FKDQQHOV E\ ZKLFK GLVFULPLQDWRU\ DWWLWXGHV FRPH WR DmHFW ZDJHV
DUH ZHOO VWDWHG E\ %HFNHU EXW ZKDW PLJKW EH WHUPHG WKH JHQHUDO HTXLOLEULXP
DVSHFWV DUH ODUJHO\ LJQRUHG WKDW LV WKH HmHFWV RI ZDJH GLmHUHQWLDOV RQ WKH VWLP
XODWLRQ RI FRPSHQVDWLQJ EHKDYLRU DUH VOLJKWHG DQG DV ZLOO EH VHHQ WKHVH FUHDWH
D FUXFLDO GLOHPPD IRU DQ DSSUHFLDWLRQ RI WKH YDOXH RI HFRQRPLF WKHRU\
$UURZ JRHV RQ WR SRLQW RXW WKDW LQ D JHQHUDO HTXLOLEULXP D WDVWH IRU GLVFULPLQDWLRQ VKRXOG
EH FRPSHWHG DZD\ ,Q UHVSRQVH WR KLV RZQ DUJXPHQW $UURZ SUHVHQWV D QXPEHU RI SRVVLEOH
RULJLQV RI GLVFULPLQDWLRQ WKDW ZRXOG QRW EH FRPSHWHG ZD\ LQ D JHQHUDO HTXLOLEULXP 3HUKDSV
WKH PRVW LPSRUWDQW LV KLV WKHRU\ RI KRZ VWDWLVWLFDO GLVFULPLQDWLRQ PLJKW DULVH LQ WKH HFRQRP\
,I RQH DVVXPHV WKDW DVVHVVLQJ WKH TXDOLW\ RI D SRWHQWLDO HPSOR\HH LV FRVWO\ DQ HPSOR\HU LV
OLNHO\ WR ORRN IRU FRVWOHVV ZD\V WR DVVHV TXDOLW\ 8QGHU WKHVH FLUFXPVWDQFHV LI REVHUYLQJ
DQ HPSOR\HH
V UDFH LV FRVWOHVV DQG WKH HPSOR\HU KDV SULRU EHOLHIV DERXW KRZ GLmHUHQW UDFH
JURXSV DUH TXDOLnHG WKHQ LW LV ?LPPHGLDWHO\ REYLRXV WKDW LI WKH VXEMHFWLYH SUREDELOLW\ RQ
WKH PLQG RI DQ HPSOR\HU WKDW D ZKLWH ZRUNHU LV TXDOLnHG LV KLJKHU WKDQ D EODFN ZRUNHU LV
TXDOLnHG WKHUH ZLOO KDYH WR EH D ZDJH GLmHUHQFH LI WKH HPSOR\HU LV WR KLUH DQ\ EODFNV DW DOO
$UURZ  S 
$OWKRXJK $UURZ
V DUJXPHQW LV FRQYLQFLQJ ZH ZLOO DUJXH LQ WKLV SDSHU WKDW LW FDQQRW EH
XVHG WR FRQFOXGH WKDW LI RQH JURXS LV EHWWHU TXDOLnHG RQ DYHUDJH WKDQ DQRWKHU JURXS WKHQ
WKH ODWWHU JURXS ZLOO QHFHVVDULO\ EH GLVFULPLQDWHG DJDLQVW &RQVHTXHQWO\ WKH DUJXPHQW WKDW
WKLV VHOHFWLRQ PHFKDQLVP UHGXFHV LQFHQWLYHV IRU VHOI LPSURYHPHQW VHH $NHUORI  LV QRW
QHFHVVDULO\ WUXH %HIRUH HLWKHU VWDWHPHQW FDQ EH PDGH DQRWKHU JHQHUDO HTXLOLEULXP DVSHFW
RI WKH SUREOHP DUJXDEO\ DW OHDVW DV LPSRUWDQW DV FRPSHWLWLRQ DPRQJVW nUPV QDPHO\ WKH
FRPSHWLWLRQ DPRQJVW HPSOR\HHV IRU MREV PXVW EH FRQVLGHUHG
7KH SXUSRVH RI WKLV SDSHU LV WR VWXG\ WKH HmHFW RI HPSOR\HH MRE VHOHFWLRQ RQ VWDWLVWLFDO
GLVFULPLQDWLRQ LQ D FRPSHWLWLYH PDUNHW 7R XQGHUVWDQG ZK\ WKLV PD\ EH LPSRUWDQW FRQVLGHU
WKH GHFLVLRQ SUREOHP IDFHG E\ D SHUVRQ ZKR ZLVKHV WR DSSO\ IRU D MRE DW D nUP WKDW VKH NQRZV
GLVFULPLQDWHV DJDLQVW WKH SRSXODWLRQ JURXS WR ZKLFK VKH EHORQJV ,I VKH VWLOO FKRRVHV WR DSSO\
IRU WKH MRE VKH PXVW UDWLRQDOO\ EHOLHYH WKDW KHU FKDQFHV RI EHLQJ KLUHG ZDUUDQW VSHQGLQJ
WKH HmRUW WR JR WKURXJK WKH DSSOLFDWLRQ SURFHVV 6LQFH VKH LV GLVFULPLQDWHG DJDLQVW WKLV
PHDQV WKDW KHU TXDOLnFDWLRQV IRU WKH MRE PXVW EH JRRG HQRXJK VR WKDW VKH VWDQGV D FKDQFH
RI EHLQJ KLUHG GHVSLWH WKH GLVFULPLQDWLRQ ,Q RWKHU ZRUGV WR JHW WKH MRE VKH ZLOO KDYH WR EH
EHWWHU TXDOLnHG WKDQ VKH ZRXOG KDYH WR EH LQ WKH DEVHQFH RI WKH GLVFULPLQDWRU\ SROLF\ ,I
WKH RULJLQDO UHDVRQ IRU WKH GLVFULPLQDWLRQ GHULYHV IURP GLmHUHQFHV LQ DYHUDJH TXDOLnFDWLRQV
DFURVV SRSXODWLRQ JURXSV WKLV VHOIVHOHFWLRQ ELDV ZLOO DFW WR QHXWUDOL]H WKHVH GLmHUHQFHV
7KHUH DUH WZR GLVWLQFW QRWLRQV RI VWDWLVWLFDO GLVFULPLQDWLRQ LQ WKH OLWHUDWXUH 7KH nUVW
ZKLFK ZH ZLOO WHUP ?TXDOLnFDWLRQ GLVFULPLQDWLRQ UHVXOWV IURP TXDOLnFDWLRQ GLmHUHQFHV EH
WZHHQ JURXSV 7KH RWKHU QRWLRQ ZKLFK ZH ZLOO WHUP ?PHDVXUHPHQW GLVFULPLQDWLRQ UHVXOWV
IURP GLmHUHQFHV LQ WKH DELOLW\ RI HPSOR\HUV WR DFFHVV TXDOLW\ LQ GLmHUHQW SRSXODWLRQ JURXSV
UDWKHU WKDQ GLmHUHQFHV LQ WKH GLVWULEXWLRQ RI TXDOLW\ ZLWKLQ WKH JURXSV )URP D SXEOLF SROLF\
SHUVSHFWLYH LW LV LPSRUWDQW WR XQGHUVWDQG ZKHQ HYHU\ PHPEHU RI D JURXS ZLOO VXmHU IURP
GLVFULPLQDWLRQ KHUHDIWHU V\VWHPDWLF GLVFULPLQDWLRQ 7KH LQLWLDO IRFXV RI WKLV SDSHU LV WR GH
ULYH FRQGLWLRQV WKDW UHVXOW LQ V\VWHPDWLF GLVFULPLQDWLRQ LQ D PRGHO WKDW LQFOXGHV HPSOR\HH
FRPSHWLWLRQ
7KH FRQGLWLRQV WKDW SURYLGH V\VWHPDWLF GLVFULPLQDWLRQ LQ DQ HFRQRP\ ZLWK TXDOLnFD
WLRQ GLmHUHQFHV EHWZHHQ JURXSV DUH VXUSULVLQJO\ VWURQJ :H GHPRQVWUDWH WKDW HYHQ WKH
GLVWULEXWLRQ RI TXDOLW\ LQ RQH JURXS VWRFKDVWLFDOO\ GRPLQDWHV WKH RWKHU JURXS V\VWHPDWLF
GLVFULPLQDWLRQ PLJKW QRW UHVXOW ,QGHHG LW LV SRVVLEOH WR FRQVWUXFW DQ H[DPSOH RI VXFK DQ
HFRQRP\ LQ ZKLFK WKHUH LV QR GLVFULPLQDWLRQ ZKDWVRHYHU :H VKRZ WKDW D VXpFLHQW FRQGL
WLRQ IRU V\VWHPDWLF GLVFULPLQDWLRQ LV WKDW WKH PRQRWRQH OLNHOLKRRG UDWLR SURSHUW\ KROGV IRU
WKH WZR TXDOLW\ GLVWULEXWLRQV
,Q JHQHUDO LW LV TXLWH SRVVLEOH WKDW IRU FHUWDLQ MREV WKH GLVFULPLQDWLRQ FDQ IDYRU WKH JURXS
WKDW LV RQ DYHUDJH ZRUVH TXDOLnHG 7R VHH LQWXLWLYHO\ KRZ WKLV PLJKW KDSSHQ QRWH WKDW DQ
HPSOR\HU
V SULRU GLVWULEXWLRQ RI DSSOLFDQW TXDOLW\ LV GHULYHG IURP WKH GLVWULEXWLRQ RI TXDOLW\
RI RQO\ WKH DJHQWV ZKR ZRXOG FKRRVH WR DSSO\ IRU WKH MRE :KLOH RQH JURXS PD\ EH EHWWHU
RYHUDOO WKLV UDQNLQJ FRXOG ZHOO EH UHYHUVHG LQ WKH VXEVHW RI DJHQWV ZKR FKRRVH WR DSSO\ IRU
WKH MRE
4XLWH GLmHUHQW UHVXOWV REWDLQ ZKHQ WKH GLVWULEXWLRQ RI VNLOOV LV WKH VDPH IRU ERWK JURXSV
EXW HPSOR\HUV DUH EHWWHU DEOH WR DFFHVV VNLOO OHYHO LQ RQH JURXS ,I DWWHQWLRQ LV UHVWULFWHG
WR HFRQRPLHV LQ ZKLFK WKH RmHUHG ZDJH LQ DQ\ MRE LV QR PRUH WKDQ WZLFH WKH ZDJH LQ WKH
QH[W EHVW MRE WKHQ V\VWHPDWLF GLVFULPLQDWLRQ ZLOO DOZD\V UHVXOW DQG LW ZLOO IDYRU PHPEHUV RI
WKH JURXS WKDW HPSOR\HUV DUH OHVV IDPLOLDU ZLWK %HVLGHV EHLQJ VRPHZKDW FRXQWHULQWXLWLYH
WKLV UHVXOW FRQWUDVWV ZLWK LQIHUHQFHV IURP PRGHOV LQ ZKLFK FRPSHWLWLRQ DPRQJVW HPSOR\HHV
LV QRW PRGHOHG H[SOLFLWO\
7KH SDSHU DOVR VWXGLHV WKH LQWHUUHODWLRQ EHWZHHQ TXDOLnFDWLRQ DQG PHDVXUHPHQW GLV
FULPLQDWLRQ :H DUJXH WKDW ZKHQ ERWK IDFWRUV DUH SUHVHQW LQ WKH HFRQRP\ WKH ODWWHU LV
PRUH LQoXHQWLDO WKDQ WKH IRUPHU 7KLV DOORZV XV WR JHQHUDWH D QXPEHU RI VHHPLQJO\ SDWKR
ORJLFDO FDVHV RI HFRQRPLHV LQ ZKLFK WKH RYHUDOO TXDOLW\ GLVWULEXWLRQ RI WKH ?EHWWHU JURXS
VWRFKDVWLFDOO\ GRPLQDWHV WKH ?ZRUVH JURXS DQG HPSOR\HUV DUH EHWWHU DEOH WR PHDVXUH TXDO
LW\ LQ WKH ?EHWWHU JURXS \HW LQ HYHU\ MRE LQ WKH HFRQRP\ HPSOR\HUV FKRRVH WR VWDWLVWLFDOO\
GLVFULPLQDWH DJDLQVW PHPEHUV RI WKH ?EHWWHU JURXS
7KH QRWLRQ RI GLVFULPLQDWLRQ ZH KDYH LPSOLFLWO\ XVHG XS WR QRZ LV ZKDW ZH WHUP ?OHJDO
GLVFULPLQDWLRQ _ GLmHUHQW FULWHULD DUH XVHG WR HYDOXDWH FDQGLGDWHV IURP GLmHUHQW JURXSV
7KH SDSHU DOVR VWXGLHV DQRWKHU QRWLRQ RI GLVFULPLQDWLRQ ZKDW ZH WHUP ?HFRQRPLF GLVFULP
LQDWLRQ 7KLV W\SH RI GLVFULPLQDWLRQ PHDVXUHV HFRQRPLF GLmHUHQFHV EHWZHHQ DJHQWV RI WKH
VDPH TXDOLW\ EXW IURP GLmHUHQW JURXSV :H VKRZ WKDW WKH LQWHUUHODWLRQ EHWZHHQ WKHVH WZR
GLVWLQFW QRWLRQV RI GLVFULPLQDWLRQ LV IDU IURP LQWXLWLYH :KHQ WKH GULYLQJ IDFWRU LV TXDOLW\
GLmHUHQFHV EHWZHHQ JURXSV ZH VKRZ WKDW V\VWHPDWLF OHJDO GLVFULPLQDWLRQ UHVXOWV LQ V\VWHP
DWLF HFRQRPLF GLVFULPLQDWLRQ 6XUSULVLQJO\ WKLV LV QRW WKH FDVH ZKHQ HPSOR\HUV
 GLmHUHQFHV
LQ DFFHVVLQJ TXDOLW\ LV WKH GULYLQJ IDFWRU 6\VWHPDWLF OHJDO GLVFULPLQDWLRQ QHHG QRW UHVXOW
LQ V\VWHPDWLF HFRQRPLF GLVFULPLQDWLRQ ,Q D QXPEHU RI FDVHV ZH VKRZ WKDW PHPEHUV RI RQH
JURXS FDQ VLPXOWDQHRXVO\ EHQHnW IURP HFRQRPLF GLVFULPLQDWLRQ EXW VWLOO EH OHJDOO\ GLVFULPL
QDWHG DJDLQVW 7KLV UHVXOW KDV LPSRUWDQW OHJDO LPSOLFDWLRQV EHFDXVH WKH 86 6XSUHPH &RXUW
KDV UXOHG WKDW HYLGHQFH RI HFRQRPLF GLVFULPLQDWLRQ FDQ EH DGPLVVLEOH LQ FDVHV DOOHJLQJ OHJDO
GLVFULPLQDWLRQ￿
7KHVH WKHRUHWLFDO UHVXOWV PLJKW DOVR KHOS H[SODLQ D QXPEHU RI HPSLULFDO SX]]OHV 2QH
H[DPSOH nUVW GRFXPHQWHG E\ .XKQ  LV WKH nQGLQJ WKDW WKH DPRXQW RI PHDVXUHG
HFRQRPLF GLVFULPLQDWLRQ LV LQYHUVHO\ UHODWHG WR WKH SUREDELOLW\ WKDW DQ HPSOR\HH ZLOO UHSRUW
EHLQJ GLVFULPLQDWHG DJDLQVW $QRWKHU LV 1HDO DQG -RKQVRQ
V  nQGLQJ WKDW HYHQ ZKHQ
WKHUH DUH ODUJH GLmHUHQFHV LQ SULRU VNLOO OHYHOV HYLGHQFH RI VWDWLVWLFDO LV KDUG WR GHWHFW :KDW
HYLGHQFH WKH\ GR nQG LQ VRPH VKRZV WKDW WKH HFRQRPLF GLVFULPLQDWLRQ IDYRUV WKH ZRUVH
TXDOLnHG JURXS
$OWKRXJK WKH IRFXV RI WKLV SDSHU LV RQ FULWHULD WKDW HPSOR\HHV KDYH QR FRQWURO RYHU WKHUH
LV QR DS U L R U LUHDVRQ ZK\ WKH UHVXOWV VKRXOG EH OLPLWHG WR WKHVH PHDVXUHV 2QH SDUWLFXODUO\
LQWHUHVWLQJ DSSOLFDWLRQ WKDW ZH GR QRW H[SOLFLWO\ FRQVLGHU LV WKH FKRLFH RI ZKLFK XQLYHUVLW\ WR
DWWHQG 7ZR LPSRUWDQW LQIHUHQFHV LQ WKLV SDSHU DUH WKDW WKH GLVFULPLQDWLRQ WKDW UHVXOWV IURP
TXDOLnFDWLRQ GLmHUHQFHV LV VPDOO UHODWLYH WR WKHVH GLmHUHQFHV DQG WKDW XQGHU PHDVXUHPHQW
￿,QWHUQDWLRQDO $VVRFLDWLRQ RI )LUHnJKWHUV Y &OHYHODQG  6KHHW 0HWDO :RUNHUV Y (TXDO (PSOR\PHQW
2SSRUWXQLW\ &RPPLVVLRQ 
GLVFULPLQDWLRQ WKH OHVV IDPLOLDU JURXS LV OLNHO\ WR EH IDYRUHG ,W LV WKHUHIRUH QRW FOHDU WKDW
WKH VLJQDO WKDW D MRE FDQGLGDWH JUDGXDWHG IURP D WRS XQLYHUVLW\ SHU VH FRQIHUV PXFK
DGYDQWDJH ,QGHHG RQH PLJKW DUJXH EDVHG RQ WKH LQIHUHQFHV LQ WKLV SDSHU WKDW IRU ZHDN
FDQGLGDWHV LI WZR XQLYHUVLWLHV KDYH JUDGXDWHV ZLWK VLPLODU VNLOO OHYHOV DWWHQGLQJ WKH OHVVHU
NQRZQ XQLYHUVLW\ PLJKW FRQIHU DQ DGYDQWDJH
7KH UHVW RI WKH SDSHU LV RUJDQL]HG DV IROORZV 7KH QH[W VHFWLRQ UHYLHZV WKH OLWHUDWXUH RQ
VWDWLVWLFDO GLVFULPLQDWLRQ 6HFWLRQ  SUHVHQWV WKH PRGHO ,Q 6HFWLRQ  ZH GHULYH VXpFLHQW
FRQGLWLRQV WKDW SURYLGH V\VWHPDWLF GLVFULPLQDWLRQ DV D UHVXOW RI ERWK TXDOLW\ GLmHUHQFHV DQG
GLmHUHQFHV LQ HPSOR\HUV
 DELOLW\ WR PHDVXUH TXDOLW\ LQ WZR SRSXODWLRQ JURXSV :H WKHQ
GHULYH WKH ZHOIDUH LPSOLFDWLRQV RI VXFK GLVFULPLQDWLRQ 6HFWLRQ  LOOXVWUDWHV WKH UHODWLYH
LPSRUWDQFH RI TXDOLnFDWLRQ DQG PHDVXUHPHQW GLVFULPLQDWLRQ LQ WKH FRQWH[W RI WKUHH VSHFLDO
FDVHV ,Q 6HFWLRQ  ZH DUJXH LQ WKH FRQWH[W RI WZR HPSLULFDO VWXGLHV WKDW WKH UHVXOWV FDQ
KHOS WR H[SODLQ D QXPEHU RI HPSLULFDO SX]]OHV WKDW KDYH EHHQ GRFXPHQWHG 7KH nQDO VHFWLRQ
FRQFOXGHV E\ FRQVLGHULQJ WKH VRPH LPSOLFDWLRQV RI WKH UHVXOWV $OO SURRIV DQG D QXPEHU RI
WKH PRUH WHFKQLFDO OHPPDV FDQ EH IRXQG LQ WKH DSSHQGL[
 6WDWLVWLFDO 'LVFULPLQDWLRQ
7KHUH DUH DW OHDVW WZR GLVWLQFW GHnQLWLRQV RI GLVFULPLQDWLRQ WKDW DUH XVHG LQ WKH OLWHU
DWXUH 7KH nUVW LV ZKDW ZH ZLOO UHIHU WR DV OHJDO GLVFULPLQDWLRQ EHFDXVH LW GHULYHV IURP
WKH OHJDO GHnQLWLRQ RI GLVFULPLQDWLRQ LQ WKH 8QLWHG 6WDWHV DQG &DQDGD 8QGHU WKH ODZV RI
WKH 8QLWHG 6WDWHV RU &DQDGD DQ\ HPSOR\HU ZKR XVHV UDFH VH[ UHOLJLRQ DJH RU QDWLRQDOLW\
DV D FULWHULRQ WR PDNH D GHFLVLRQ LV JXLOW\ RI GLVFULPLQDWLRQ￿ 7KXV WKH OHJDO GHnQLWLRQ LV
EDVHG VLPSO\ RQ ZKHWKHU D FHUWDLQ SUHGHnQHG VHW RI FKDUDFWHULVWLFV DUH XVHG LQ D SHUVRQQHO
GHFLVLRQ $OWKRXJK LW LV RIWHQ SUHVXPHG WKDW WKH UHVXOW RI VXFK DQ DFW RI GLVFULPLQDWLRQ ZLOO
HFRQRPLFDOO\ GLVDGYDQWDJH RQH JURXS WKH ODZ LWVHOI PDNHV QR UHIHUHQFH WR WKH HmHFW RI WKH
DFW RI GLVFULPLQDWLRQ
7KH VHFRQG GHnQLWLRQ RI GLVFULPLQDWLRQ ZKLFK ZH ZLOO UHIHU WR DV HFRQRPLF GLVFULPLQD
WLRQ GHnQHV GLVFULPLQDWLRQ LQ WHUPV RI HFRQRPLF GLmHUHQFHV EHWZHHQ SRSXODWLRQ JURXSV ,Q
WKLV SDSHU ZH GHnQH DQ HTXLOLEULXP WKDW IHDWXUHV HFRQRPLF GLVFULPLQDWLRQ DV RQH LQ ZKLFK
WKH DYHUDJH ZDJH RI WZR RWKHUZLVH LGHQWLFDO SRSXODWLRQ JURXSV WKDW GLmHU LQ RQO\ RQH RI
WKHVH SUHGHnQHG FKDUDFWHULVWLFV LV QRW WKH VDPH $Q H[DPSOH ZRXOG EH DQ HTXLOLEULXP LQ
ZKLFK WKH DYHUDJH ZDJHV RI HTXDOO\ TXDOLnHG P H QD Q GZ R P H QG L m H U 1 R W HW K D WW K L VG H n Q L W L R Q
RI GLVFULPLQDWLRQ PDNHV QR UHIHUHQFH WR ZK\ VXFK DQ LQHTXDOLW\ H[LVWV
$OWKRXJK WKH LQWURGXFWLRQ KLJKOLJKWV RQH RI $UURZ
V WKHRULHV RI GLVFULPLQDWLRQ LW ZRXOG
EH PLVOHDGLQJ WR OHDYH WKH LPSUHVVLRQ WKDW $UURZ ZDV DORQH LQ SURSRVLQJ WKLV WKHRU\ 0F&DOO
￿6HH LQ WKH 86 7LWOH 9,, RI WKH &LYLO 5LJKWV $FW  86& V H RI  DQG LQ &DQDGD WKH
&DQDGLDQ +XPDQ 5LJKWV $FW  F  V 
 3KHOSV  5HGHU  DQG 6SHQFH  DOO SXEOLVKHG VLPLODU K\SRWKHVHV
DURXQG WKH VDPH WLPH $V $NHUORI  DOVR DUJXHV UDWLRQDO HPSOR\HUV ZLOO XVH IDFWRUV
VXFK DV UDFH DQG VH[ LQ WKHLU KLULQJ GHFLVLRQV ZKHQHYHU WKH\ FDQQRW PHDVXUH DSSOLFDQWV

TXDOLWLHV SHUIHFWO\ (PSOR\HUV XVH WKHLU SULRU NQRZOHGJH RI WKH GLVWULEXWLRQ RI WKHVH IDFWRUV
LQ WKH HFRQRP\ WR %D\HVLDQ XSGDWH WKHLU HVWLPDWH RI WKH TXDOLW\ RI HDFK DSSOLFDQW 7KLV
XSGDWLQJ VLQFH LW XVHV PHDVXUHV WKDW DQ DSSOLFDQW KDV QR FRQWURO RYHU DFWV WR UHGXFH WKH
LQFHQWLYH RI DSSOLFDQWV WR LQYHVW LQ VHOILPSURYLQJ WHFKQRORJLHV 7KXV TXDOLW\ GLmHUHQFHV
EHWZHHQ SRSXODWLRQ JURXSV DUH UHLQIRUFHG $YHUDJH ZDJHV ZLOO EH ORZHU DPRQJ WKH JURXS
RI DSSOLFDQWV WKDW KDYH ORZHU DYHUDJH TXDOLW\ DQG LI WZR DSSOLFDQWV WKDW DSSHDU HTXDOO\
TXDOLnHG DSSO\ IRU WKH VDPH MRE WKH HPSOR\HU SLFNV WKH DSSOLFDQW IURP WKH EHWWHU JURXS
7KH VXEVHTXHQW OLWHUDWXUH RQ VWDWLVWLFDO GLVFULPLQDWLRQ DGGUHVVHV WZR UHDVRQV ZK\ HP
SOR\HU
V SULRUV PD\ GLmHU EHWZHHQ JURXSV )LUVW DQ HPSOR\HU PD\ VWDWLVWLFDOO\ GLVFULPLQDWH
EHFDXVH VKH NQRZV WKDW WKH GLVWULEXWLRQ RI TXDOLnFDWLRQV ZLWKLQ JURXSV GLmHU :H ZLOO
KHQFHIRUWK UHIHU WR VWDWLVWLFDO GLVFULPLQDWLRQ WKDW UHVXOWV IRU WKLV UHDVRQ DV TXDOLnFDWLRQ GLV
FULPLQDWLRQ 6HFRQG WKH GLVWULEXWLRQ RI TXDOLnFDWLRQV ZLWKLQ WKH JURXSV PD\ EH LGHQWLFDO
KRZHYHU WKH HPSOR\HU
V DELOLW\ WR PHDVXUH WKHVH TXDOLnFDWLRQV PD\ GLmHU 6WDWLVWLFDO GLV
FULPLQDWLRQ WKDW UHVXOWV IRU WKLV UHDVRQ ZLOO EH UHIHUUHG WR DV PHDVXUHPHQW GLVFULPLQDWLRQ
$LJQHU DQG &DLQ  FRQFOXGH WKDW TXDOLnFDWLRQ GLVFULPLQDWLRQ DOZD\V OHDGV WR GLVFULPL
QDWLRQ LQ IDYRU RI WKH EHWWHU TXDOLnHG JURXS ZKLOH WKH UHVXOWV IRU PHDVXUHPHQW GLVFULPLQDWLRQ
DUH DPELJXRXV ,Q WKH ODWWHU FDVH DERYH EHORZ DYHUDJH PHPEHUV RI WKH EHWWHU OHVVHU
NQRZQ JURXS DUH IDYRUHG
/XQGEHUJ DQG 6WDUW]  SRVWXODWH WKDW PHDVXUHPHQW GLVFULPLQDWLRQ E\ LWVHOI FRXOG
OHDG WR TXDOLnFDWLRQ GLVFULPLQDWLRQ ,Q WKHLU PRGHO ?GDJJHU ZRUNHUV SURGXFWLYLW\ LV RE
VHUYHG ZLWK JUHDWHU HUURU WKHQ ?VWDU ZRUNHUV 7KLV LPSOLHV D ORZHU UHWXUQ IRU HGXFDWLRQ IRU
GDJJHU ZRUNHUV FRPSDUHG WR VWDU ZRUNHUV &RQVHTXHQWO\ GDJJHU
V DUH RQ DYHUDJH ZRUVH
TXDOLnHG DQG VR HPSOR\HUV XVH WKLV LQIRUPDWLRQ WR GLVFULPLQDWH ,Q WKDW PRGHO HTXDOO\ TXDO
LnHG GDJJHU ZRUNHUV DUH SDLG OHVV WKDQ WKHLU VWDU FRXQWHUSDUWV $ QRWDEOH H[FHSWLRQ RFFXUV
IRU YHU\ ORZ VNLOOHG MREV _ WKH DERYH DUJXPHQW LV UHYHUVHG :H ZLOO GHPRQVWUDWH WKDW
WKLV VHHPLQJO\ SDWKRORJLFDO FDVH LV LQ IDFW WKH JHQHUDO FDVH LQ D PRGHO LQ ZKLFK HPSOR\HH
FRPSHWLWLRQ LV PRGHOHG H[SOLFLWO\
&RUQHOO DQG :HOFK  FRQVLGHU ZKDW WKH SRRO RI ZRUNHUV ZLOO ORRN OLNH DW FRPSDQ\
KLULQJ KLJKO\ VNLOOHG ODERU LQ WKH SUHVHQFH RI PHDVXUHPHQW GLVFULPLQDWLRQ 7KH\ nQG WKDW
W K HJ U R X SW K D WK D VO H V VP H D V X U H P H Q WH U U R UL VI D Y R U H G  7 K L VL P S O L H VW K D WP R U HR IW K H V H
ZRUNHUV DUH KLUHG &RUQHOO DQG :HOFK DUJXH WKDW VLQFH VDPH JURXS DJHQWV DUH PRUH OLNHO\ WR
EH EHWWHU DW HYDOXDWLQJ HDFK RWKHU WKLV VHOHFWLRQ LV UHLQIRUFLQJ 8OWLPDWHO\ WKH SUREDELOLW\
WKDW WKH ZRUN IRUFH RI WKH FRPSDQ\ FRQVLVWV RI DQ\WKLQJ EXW WKH EHWWHU PHDVXUHG JURXS LV
H[WUHPHO\ ORZ $V ZH ZLOO VKRZ LW LV QRW FOHDU WKLV ZLOO SHUVLVW LQ DQ HFRQRP\ LQ ZKLFK
HPSOR\HH FRPSHWLWLRQ LV H[SOLFLWO\ PRGHOHG
7KH HPSLULFDO OLWHUDWXUH GRFXPHQWLQJ UDFH DQG VH[ GLVFULPLQDWLRQ LV H[WHQVLYH￿ 7KH
PRVW FRPPRQ DSSURDFK nUVW XVHG E\ 2D[DFD  UHJUHVVHV ZDJHV RQ KXPDQ FDSLWDO
YDULDEOHV OLNH HGXFDWLRQ OHYHO MRE WHQXUH DJH HWF WKDW DUH LQWHQGHG WR FRQWURO IRU LQQDWH
GLmHUHQFHV LQ VNLOO OHYHOV 7KH UHVLGXDO RI WKLV UHJUHVVLRQ LV XVHG DV WKH PHDVXUH RI HFRQRPLF
GLVFULPLQDWLRQ $QRWKHU DSSURDFK XVHV D VFRUH RQ D VWDQGDUGL]HG WHVW WR FRQWURO IRU VNLOO
OHYHOV￿ %RWK RI WKHVH DSSURDFKHV \LHOG TXDOLWDWLYHO\ VLPLODU UHVXOWV _ E\ FRQWUROOLQJ IRU
VNLOO OHYHO ZDJH GLmHUHQFHV DUH VXEVWDQWLDOO\ UHGXFHG )XUWKHUPRUH WKLV ZDJH GLmHUHQFH KDV
GHFOLQHG VWHDGLO\ VR WKH PRVW UHFHQW VWXGLHV DFWXDOO\ nQG QR GLmHUHQFH DW DOO
7KHVH UHVXOWV SRVH VRPHZKDW RI D SX]]OH IRU WKHRULHV RI VWDWLVWLFDO GLVFULPLQDWLRQ WKDW GR
QRW H[SOLFLWO\ PRGHO HPSOR\HH FRPSHWLWLRQ EHFDXVH D FRQFRPLWDQW GHFUHDVH LQ VNLOO GLmHU
HQFHV KDV QRW EHHQ GHWHFWHG 7KHVH PRGHOV LPSO\ WKDW VNLOO GLmHUHQFHV VKRXOG UHVXOW LQ VWD
WLVWLFDO GLVFULPLQDWLRQ 2QH RI WKH LQWHUHVWLQJ LPSOLFDWLRQV RI H[SOLFLWO\ PRGHOLQJ HPSOR\HH
FRPSHWLWLRQ LV WKDW VNLOO GLmHUHQFHV GR QRW QHFHVVDULO\ UHVXOW LQ VWDWLVWLFDO GLVFULPLQDWLRQ
 7KH 0RGHO
 3ULPLWLYHV
&RQVLGHU DQ HFRQRP\ ZLWK D VHW RI DJHQWV HDFK RI ZKRP LV FKDUDFWHUL]HG E\ KHU PDUJLQDO
SURGXFWLYLW\ LQ HDFK MRE RmHUHG )RU HDVH RI H[SRVLWLRQ ZH ZLOO UHIHU WR WKLV PDUJLQDO SURGXFW
DV DQ DJHQW
V TXDOLW\ $JHQWV DUH VHSDUDWHG LQWR WZR W\SHV LH UDFH RU VH[ JURXS K DQG
O7 K H U H D U H 1O DJHQWV RI W\SH O DQG 1K DJHQWV RI W\SH K (DFK DJHQW RI W\SH W KDV WUXH
TXDOLW\ T  4W t 4Z K H U H4 LV WKH VHW RI DOO SRVVLEOH TXDOLW\ OHYHOV /HW WKH SUREDELOLW\
PHDVXUH )WTR Q4 EH WKH SUREDELOLW\ RI UDQGRPO\ VHOHFWLQJ DQ DJHQW ZLWK TXDOLW\ T RU OHVV
RXW RI WKH SRSXODWLRQ RI DJHQWV RI W\SH W )W LV DVVXPHG WR EH DEVROXWHO\ FRQWLQXRXV ZLWK
UHVSHFW WR D }nQLWH PHDVXUH x RQ 4 ZLWK 5DGRQ1LNRG\P GHULYDWLYH GHQVLW\ IXQFWLRQ IW
$ GLVWLQJXLVKLQJ FKDUDFWHULVWLF RI WKH DJHQW W\SHV LV WKDW WKH GLVWULEXWLRQ RI DJHQWV
 WUXH
TXDOLW\ PD\ GLmHU EHWZHHQ WKH WZR W\SHV WKDW LV )KT    )OT
7KHUH DUH D VHW RI HPSOR\HUV LQ WKH HFRQRP\ HDFK RI ZKRP DGYHUWLVH WKDW WKH\ KDYH D MRE
DYDLODEOH UHTXLULQJ D FHUWDLQ VSHFLnF TXDOLW\ OHYHO DQG SD\LQJ D n[HG ZDJH )RU VLPSOLFLW\ ZH
ZLOO DVVXPH WKDW HDFK DSSOLFDQW FDQ RQO\ DSSO\ WR RQH MRE￿ :KHQ DQ DSSOLFDQW DSSOLHV IRU
￿$ FRPSOHWH UHYLHZ RI WKLV OLWHUDWXUH LV EH\RQG WKH VFRSH RI WKLV SDSHU 7KH LQWHUHVWHG UHDGHU FDQ FRQVXOW
&DLQ  DQG 6RUHQVHQ  IRU VXUYH\V RI WKH OLWHUDWXUH RQ HVWLPDWLQJ ZDJH GLVFULPLQDWLRQ EHWZHHQ UDFH
DQG JHQGHU JURXSV 7ZR H[DPSOHV RI PRUH UHFHQW VWXGLHV DUH 2D[DFD  DQG 0DFSKHUVRQ DQG +LUVFK

￿VHH &XUWULJKW  2
1HLOO  DQG 1HDO DQG -RKQVRQ 
￿$OWKRXJK LW PLJKW DSSHDU DW nUVW JODQFH WKDW WKH UHVXOWV PD\ EH VHQVLWLYH WR WKLV DVVXPSWLRQ WKH
PRGHO
V TXDOLWDWLYH LPSOLFDWLRQV UHPDLQ YDOLG ZKHQ HPSOR\HHV FDQ DSSO\ WR PXOWLSOH MREV 7KH UHDVRQ LV WKDW
LPSOLFLWO\ ORZHULQJ WKH FRVW RI DSSO\LQJ IRU D MRE E\ JLYLQJ HPSOR\HHV WKH RSSRUWXQLW\ WR DSSO\ WR PXOWLSOH
D MRE DQ HPSOR\HU FRVWOHVVO\ REVHUYHV WKH DJHQW
V W\SH 6KH FDQ WKHQ IXUWKHU LQYHVWLJDWH WKH
TXDOLW\ RI WKH DSSOLFDQW E\ IRU H[DPSOH ORRNLQJ RYHU WKH DSSOLFDQW
V UHVXPH LQWHUYLHZLQJ
WKH DSSOLFDQW DQG FDOOLQJ WKH DSSOLFDQW
V UHIHUHQFHV 6LQFH WKLV LQYHVWLJDWLRQ LV FRVWO\ LW LV
DVVXPHG WKDW LW LV QRW HFRQRPLFDOO\ IHDVLEOH IRU WKH HPSOR\HU WR GHWHUPLQH WKH DSSOLFDQW
V
WUXH TXDOLW\ SHUIHFWO\ 7KXV HPSOR\HUV GR QRW REVHUYH DJHQWV
 WUXH TXDOLW\ T GLUHFWO\ UDWKHU
WKH\ REVHUYH D QRLV\ VLJQDO RQ WKH WUXH TXDOLW\ V s TpZ K H U Hp  >bcWcW@ KDV D PHDQ]HUR
GLVWULEXWLRQ IXQFWLRQ *Wc WKDW PD\ GHSHQG RQ WKH DSSOLFDQW
V W\SH EXW LV LQGHSHQGHQW
RI WKH TXDOLW\ RI WKH DSSOLFDQW 'HQRWH JWc DV WKH GHQVLW\ IXQFWLRQ FRUUHVSRQGLQJ WR *W
LH *W ￿c JWc 7KH VLJQDO V VKRXOG EH WKRXJKW RI DV WKH HPSOR\HU
V HVWLPDWLRQ RI WKH
DSSOLFDQWV TXDOLnFDWLRQV IRU WKH MRE EHIRUH VKH XVHV KHU SULRU NQRZOHGJH RI WKH GLVWULEXWLRQ
RI TXDOLW\ ,W VKRXOG EH LQWHUSUHWHG DV ZKDW XQGHU WKH ODZ LV UHIHUUHG WR DV DQ DSSOLFDQW
V
?TXDOLnFDWLRQV IRU WKH MRE
:H ZLOO DVVXPH WKDW IRU DOO W JWc LV V\PPHWULF DQG ORJFRQFDYH VHH $Q  IRU D
IRUPDO GHnQLWLRQ DQG FKDUDFWHUL]DWLRQ RI WKLV FODVV RI GHQVLW\ IXQFWLRQV /RJFRQFDYLW\ LV
GHVLUDEOH EHFDXVH WKLV FODVV LV NQRZQ EH EURDG￿ VHH %DJQROL DQG %HUJVWURP  DQG
WKH DVVXPSWLRQ JXDUDQWHHV DPRQJVW RWKHU WKLQJV WKDW DQ HPSOR\HU
V HVWLPDWH RI TXDOLW\
LV LQFUHDVLQJ LQ WKH VLJQDO 7KHUH DUH D QXPEHU RI XVHIXO UHVXOWV WKDW DUH NQRZQ DERXW
ORJFRQFDYH GHQVLW\ IXQFWLRQV /HPPD $ LQ WKH DSSHQGL[ VXPPDUL]HV WKH RQHV QHHGHG LQ
WKLV FRQWH[W
7KHUH DUH , GLmHUHQW VHFWRUV RI WKH HFRQRP\ ,Q HDFK VHFWRU L L  , WKHUH DUH QL
DYDLODEOH MREV DOO DGYHUWLVLQJ WKH VDPH ZDJH ZL DQG UHTXLULQJ WKH VDPH PLQLPXP TXDOLW\
OHYHO￿ *LYHQ WKLV ZDJH VWUXFWXUH HPSOR\HHV FKRRVH WR DSSO\ WR D MRE LQ WKH VHFWRU WKDW
SURYLGHV WKH KLJKHVW H[SHFWHG ZDJH DQG HPSOR\HUV LQ WKDW VHFWRU KLUH DQ\ DSSOLFDQW ZKRVH
H[SHFWHG PDUJLQDO SURGXFW TXDOLW\ H[FHHGV EL￿ :LWKRXW ORVV RI JHQHUDOLW\ ZH ZLOO DVVXPH
WKDW ZDJHV DUH PRQRWRQLFDO\ UDQNHG LQ WKH VHFWRUV WKDW LV IRU HYHU\ L ZL !Z L￿￿
)LQDOO\ ZH ZLOO DVVXPH WKDW WKH VXSSRUW RI )Wc IRU W   OKL VV X F KW K D WW K H U HL V
DOZD\V D SRVLWLYH SUREDELOLW\ RI nQGLQJ DJHQWV RI ERWK W\SHV ZKR KDYH VXFK ORZ TXDOLW\ WKH\
DUH XQDEOH WR JHW DQ\ MRE ,Q WKLV FDVH WKH\ FDQ DSSO\ IRU DQG JHW DQ XQVNLOOHG MRE ZLWK
FHUWDLQW\ 7KLV MRE UHTXLUHV QR TXDOLnFDWLRQV DQG SD\V D ZDJH Z,￿￿   :H ZLOO KHQFHIRUWK
MREV GHFUHDVHV WKH VHOI VHOHFWLRQ RQO\ LI WKH RSWLPDO UHVSRQVH RI HPSOR\HUV LV LJQRUHG ,Q IDFW ZKDW KDSSHQV
LV WKDW HPSOR\HUV DQWLFLSDWH WKDW WKH ORZHU DSSOLFDWLRQ FRVW ZLOO UHVXOW LQ PRUH XQTXDOLnHG DSSOLFDQWV DQG VR
WKH\ UDLVH WKH KLULQJ VWDQGDUG 7KLV UHGXFHV WKH LQFHQWLYH IRU XQTXDOLnHG DSSOLFDQWV WR DSSO\ DQG VR WKH VHOI
VHOHFWLRQ ELDV UHPDLQV LPSRUWDQW 7KLV LV H[SOLFLWO\ GHPRQVWUDWHG LQ %HUN  ZHUH DQ H[WHQVLRQ RI WKH
PRGHO WKDW DOORZV PXOWLSOH DSSOLFDWLRQV LQ GLmHUHQW VHFWRUV LV GHULYHG
￿7KH IDFW WKDW p LV ERXQGHG GRHV QRW UHVWULFW WKLV FODVV EHFDXVH DQ\ WUXQFDWLRQ RI D ORJFRQFDYH GLVWULEXWLRQ
LV VWLOO ORJFRQFDYH
￿7KLV DVVXPSWLRQ LV PRWLYDWHG E\ 0RUWHQVHQ  VHH DOVR /LSSPDQ DQG 0F&DOO  ZKHUH LW LV
VKRZQ WKDW LQ D PRGHO ZLWK PXOWLSOH MRE PDUNHWV WKDW D VLQJOH ZDJH ZLOO SUHYDLO RQ HDFK PDUNHW
￿7KLV DVVXPSWLRQ LV PRWLYDWHG E\ /LSSPDQ DQG 0F&DOO  ZKR VKRZ WKDW LQ D PRGHO LQ ZKLFK
HPSOR\HUV VHDUFK VHTXHQWLDOO\ IRU HPSOR\HHV WKH RSWLPDO KLULQJ SROLF\ LV WR KLUH DQ\ HPSOR\HH ZKRVH PDUJLQDO
SURGXFW H[FHHGV VRPH ORZHU ERXQG
UHIHU WR WKLV ZDJH MRE DV WKH UHVHUYDWLRQ ZDJH MRE LQ WKH HFRQRP\
 (TXLOLEULXP
:H nUVW FRPSXWH %WVDE DQ HPSOR\HU
V H[SHFWDWLRQ RI TXDOLW\ XSRQ REVHUYLQJ D VLJQDO
V IURP DQ DJHQW RI W\SH W JLYHQ WKDW IRU WKDW W\SH RI DJHQW RQO\ DJHQWV RI TXDOLW\ T  >DE
DSSO\ IRU WKH MRE /HW (W>c@ GHQRWH WKH H[SHFWDWLRQ XQGHU WKH SUREDELOLW\ PHDVXUH )W7 K H
H P S O R \ H U 
 VH [ S H F W D W L R QR IW K HT X D O L W \R ID QD S S O L F D Q WR IW \ S HW ZKHQ KH REVHUYHV D VLJQDO V
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G)WX
7KH QH[W OHPPD VKRZV WKDW HPSOR\HUV
 H[SHFWDWLRQV RI TXDOLW\ DUH LQFUHDVLQJ LQ WKH VLJQDO
UHDOL]DWLRQ
/HPPD  )RU DQ\ n[HG DE ZLWK  DEDQG DQ\ V
#%W￿V￿D￿E￿
#V w 
7KH OHPPD VKRZV WKDW ZKHQ HPSOR\HUV NQRZ WKDW WKH TXDOLW\ RI DJHQWV ZKR DSSO\ IRU
WKHLU MREV OLH EHWZHHQ WZR ERXQGV WKHLU H[SHFWDWLRQ RI DQ DJHQW
V TXDOLW\ JLYHQ D VLJQDO
UHDOL]DWLRQ VL VZ H D N O \L Q F U H D V L Q JL QV &RQVHTXHQWO\ WKHUH ZLOO H[LVW D FULWLFDO VLJQDO VXFK
WKDW DQ DSSOLFDQW LV KLUHG LI DQG RQO\ LI KHU VLJQDO H[FHHGV WKH FULWLFDO VLJQDO 6LQFH VXFK
D VLJQDO ZLOO H[LVW IRU HDFK MRE L DV ZHOO SRWHQWLDOO\ IRU HDFK HPSOR\HH W\SH WL WZ L O O
KHQFHIRUWK EH GHQRWHG Ve
WL, WU H P D L Q VW RE HV K R Z QW K D WL IH P S O R \ H U VD G R S WW K L VK L U L Q JS R O L F \
HPSOR\HHV ZLOO VHOI VHOHFW VR WKDW WKH TXDOLW\ RI DJHQWV ZKR DSSO\ IRU WKHLU MREV OLH EHWZHHQ
WZR ERXQGV
$JHQWV KDYH WKH IROORZLQJ GHFLVLRQ SUREOHP )DFHG ZLWK D PHQX RI SRVVLEOH MREV ZLWK
ZDJHV ZL L  , HDFK DJHQW PD[LPL]HV KHU H[SHFWHG ZDJH E\ FKRRVLQJ ZKLFK MRE WR
DSSO\ IRU $Q DJHQW WKDW LV VXFFHVVIXO LQ JHWWLQJ WKH MRE KH DSSOLHG IRU LV SDLG WKH ZDJH ZL
RWKHUZLVH KH LV SDLG QRWKLQJ )RUPDOO\ DJHQWV RI W\SH W VROYH WKH IROORZLQJ SUREOHP
PD[
L
(>ZL@ P D [
L
ZL3WTL
ZKHUH 3WTL LV WKH SUREDELOLW\ WKDW DQ DJHQW RI W\SH W DQG TXDOLW\ T ZLOO JHW WKH LWK MRE
LI KH DSSOLHV IRU LW ,I DJHQWV LQ WKLV PRGHO KDYH UDWLRQDO H[SHFWDWLRQV WKHQ WKHLU SHUFHLYHG
SUREDELOLW\ RI JHWWLQJ WKH LWK MRE PXVW WXUQ RXW WR EH WKHLU DFWXDO SUREDELOLW\ RI ODQGLQJ WKH
MRE WKDW LV IRU DQ\ DJHQW RI W\SH W DQG TXDOLW\ T
3WTL , 3>T  p w Ve
WL@
  , 3>p w Ve
WL b T@
  b *WVe
WL b T 
:H ZLOO KHQFHIRUWK DVVXPH WKH LI DQ DJHQW LV LQGLmHUHQW EHWZHHQ DSSO\LQJ IRU DQ\ WZR MREV
KH DOZD\V DSSOLHV IRU WKH MRE ZLWK WKH KLJKHU ZDJH
/HPPD  ,I DQ DJHQW RI W\SH W DQG TXDOLW\ T FKRRVHV WR DSSO\ IRU WKH LWK MRE WKHQ DOO
DJHQWV RI W\SH W ZLWK TXDOLW\ OHVV WKDQ T ZLOO FKRRVH WR DSSO\ IRU D MRE ZLWK M w L LH WKH\
ZLOO HLWKHU FKRRVH WR DSSO\ IRU WKH VDPH MRE RU D MRE ZLWK D ORZHU ZDJH
7KH LPSOLFDWLRQ RI WKLV OHPPD LV WKDW WKH VXEVHW RI DJHQWV RI W\SH W ZKR DSSO\ IRU MRE
L FRQVLVWV RI WKH UDQJH RI DJHQWV ZKRVH TXDOLWLHV IDOO EHWZHHQ WZR ERXQGV DQ XSSHU ERXQG
x TW
L DQG D ORZHU ERXQG x TW
L￿￿ $JHQWV ZLWK TXDOLW\ JUHDWHU WKDQ x TW
L DSSO\ LQVWHDG IRU MREV ZLWK
KLJKHU ZDJHV ZKLOH DJHQWV ZLWK TXDOLW\ OHVV WKDQ x TW
L￿￿ DSSO\ IRU MREV ZLWK ORZHU ZDJHV
6LQFH HPSOR\HUV KLUH DQ\ DSSOLFDQW ZKRVH H[SHFWHG TXDOLW\ H[FHHGV EL WKH FULWLFDO VLJQDO
Ve
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X b EL JWVe
WL b X G)WX   
(PSOR\HUV KDYH UDWLRQDO H[SHFWDWLRQV DERXW ZKR ZLOO DSSO\ IRU WKHLU MRE 7KH\ FRUUHFWO\
L Q I H UW K D WD Q \D J H Q WR IW \ S HW ZLWK TXDOLW\ EHWZHHQ x TW
L￿￿ DQG x TW
L RSWLPDOO\ FKRRVHV WR DSSO\
IRU WKH LWK MRE DQG DQ\ DJHQW RI WKLV W\SH ZKRVH TXDOLW\ GRHV QRW OLH ZLWKLQ WKHVH ERXQG GRHV
QRW DSSO\ 6LQFH 3WTLL VF R Q W L Q X R X VL QT DQG VLQFH WKHUH LV D VWULFWO\ SRVLWLYH SUREDELOLW\
WKDW DJHQWV RI ERWK W\SHV H[LVW ZKR KDYH VXFK ORZ TXDOLW\ WKH\ DUH XQDEOH WR JHW DQ\WKLQJ
EXW WKH UHVHUYDWLRQ ZDJH WKLV FRQGLWLRQ ZLOO EH VDWLVnHG LI DQG RQO\ LI IRU HDFK W\SH W DQG
MRE L
ZL￿￿3Wx TW
L￿￿L  ZL3Wx TW
L￿￿L 














)LQDOO\ LQ HTXLOLEULXP WKH MRE PDUNHW PXVW FOHDU _ DOO DYDLODEOH MREV PXVW EH nOOHG
7KLV LPSOLHV WKDW























OL b X G)OX 
)RUPDOO\ WKHQ DQ HTXLOLEULXP LQ WKLV HFRQRP\ LV GHnQHG WR EH DQ\ VHW RI ZDJHV TXDOLW\






L ￿ WKDW VLPXOWDQHRXVO\ VDWLVI\   DQG

7KH H[LVWHQFH RI WKH UHVHUYDWLRQ ZDJH JXDUDQWHHV WKDW HYHU\ HPSOR\HH ZKR DSSOLHV IRU
D MRE PXVW KDYH D SRVLWLYH SUREDELOLW\ RI JHWWLQJ WKH MRE 7KH IROORZLQJ OHPPD VWDWHV WKLV
IDFW ZLWKRXW SURRI
/HPPD  ,Q HTXLOLEULXP IRU HDFK W\SH W I KOJ DQG HYHU\ L  , x TW
L￿￿ c W !V e
WL
 2WKHU 5HVWULFWLRQV
,W LV SRVVLEOH IRU WKH HTXLOLEULXP GHnQHG DERYH WR EH HFRQRPLFDOO\ XQLQWHUHVWLQJ )RU H[DP
SOH LI LQ DQ\ VHFWRU L WKH HTXLOLEULXP IHDWXUHV ZL !E L WKHQ LQ DW OHDVW VRPH FDVHV HPSOR\HUV
ZLOO EH SD\LQJ WKHLU HPSOR\HHV DERYH WKHLU H[SHFWHG PDUJLQDO SURGXFW $ UDWLRQDO HPSOR\HU
ZRXOG FKRRVH QRW WR KLUH DW DOO UDWKHU WKDQ KLUH HPSOR\HHV XQGHU VXFK FRQGLWLRQV 7KLV
FDQ RFFXU LQ WKH PRGHO EHFDXVH ZH GR QRW PRGHO WKH SUHVXPDEO\ HQGRJHQRXV SURFHVV WKDW
GHWHUPLQHV WKH QXPEHU RI MREV DYDLODEOH DQG QXPEHU RI VHFWRUV
&RPSHWLWLRQ EHWZHHQ HPSOR\HUV ZLOO GULYH ZL XS WR EL VR LQ D PRGHO ZLWK SHUIHFW FRP
SHWLWLRQ EL FDQQRW EH VWULFWO\ JUHDWHU WKDQ ZL HLWKHU ,Q WKH VSLULW RI $UURZ
V  FULWLTXH
ZH ZLOO LPSRVH WKH SHUIHFW FRPSHWLWLRQ DVVXPSWLRQ E\ UHVWULFWLQJ DWWHQWLRQ WR HTXLOLEULD IRU
ZKLFK EL   ZL IRU DOO L +RZHYHU VLQFH ZDJHV DUH HDVLO\ REVHUYDEOH EXW HPSOR\PHQW FULWHULD
DUH QRW ZH ZLOO VWDWH DOO RI RXU UHVXOWV LQ WHUPV RI ZDJHV ,Q IDFW WKLV UHVWULFWLRQ GRHV QRW
DmHFW DQ\ UHVXOW LQ WKH SDSHU VR WKLV FRQYHQWLRQ KDV WKH DGYDQWDJH WKDW WKH UHVXOWV FDQ
WKHQ DOVR EH DSSOLHG WR QRQFRPSHWLWLYH ODERU PDUNHWV LH HTXLOLEULD IRU ZKLFK EL !Z L
$QRWKHU HQGRJHQRXV SURFHVV WKDW LV QRW PRGHOHG LV WKH RSWLPDO DPRXQW RI LQYHVWLJDWLRQ
XQGHUWDNHQ E\ HDFK HPSOR\HU 7KDW LV WKH VLJQDO QRLVH LV SUHVXPDEO\ DOVR GHWHUPLQHG DV
D UHVXOW RI D WUDGHRm EHWZHHQ WKH FRVW RI LQYHVWLJDWLRQ DQG WKH FRVW RI PDNLQJ D PLVWDNH
)URP D SUDFWLFDO SHUVSHFWLYH RQH ZRXOG QRW H[SHFW LQYHVWLJDWLRQ FRVWV WR EH VR KLJK WKDW
DQ HPSOR\HU ZRXOG QRW EH DEOH WR UHFRJQL]H WKH EHVW TXDOLnHG DSSOLFDQW KH FRXOG HYHU KRSH
WR DWWUDFW 7KLV EHLQJ WKH FDVH ZH ZLOO IXUWKHU UHVWULFW DWWHQWLRQ WR HTXLOLEULD VXFK WKDW IRU
HDFK W\SH W D Q GL QH Y H U \V H F W R UL *WVe
WL b x TW
L   _ LI WKH EHVW SRVVLEOH FDQGLGDWH ZKR
FRXOG DSSO\ IRU D MRE DSSOLHV KH FDQQRW JHW D VLJQDO UHDOL]DWLRQ WKDW ZRXOG GHQ\ KLP WKH
MRE 7KLV DVVXPSWLRQ REYLRXVO\ LPSOLHV WKDW cW  x TW
L b Ve
WL IRU DOO W DQG L$ VZ HZ L O OV K R Z
LQ 6HFWLRQ  RQH H[DPSOH RI D GLVWULEXWLRQ RI pW WKDW JXDUDQWHHV WKDW WKLV FRQGLWLRQ LV
VDWLVnHG LV WKH 8QLIRUP GLVWULEXWLRQ
7KH FRQGLWLRQ WKDW *WVe
WL b x TW
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Ve




WL b x TW
L￿￿
s
  ZL￿￿ 
7KXV  DQG  FDQ UHSODFH  DQG  LQ WKH GHnQLWLRQ RI WKH MRE PDUNHW HTXLOLEULXP
 7KH 1DWXUH RI WKH 'LVFULPLQDWLRQ
(PSOR\HHV RI WKH VDPH TXDOLW\ PDUJLQDO SURGXFW SHUIRUP HYHU\ MRE LQ WKH HFRQRP\ HTXDOO\
ZHOO UHJDUGOHVV RI WKHLU W\SH &RQVHTXHQWO\ ZH LQWHUSUHW HPSOR\HH W\SH DV RQH RI WKH FKDU
DFWHULVWLFV VLQJOHG RXW XQGHU DQWLGLVFULPLQDWLRQ ODZ HJ UDFH RU VH[ /HJDO GLVFULPLQDWLRQ
WKHUHIRUH RFFXUV LQ WKLV PRGHO ZKHQHYHU DQ HPSOR\HU XVHV DQ HPSOR\HH
V W\SH LQ WKH KLULQJ
GHFLVLRQ WKDW LV ZKHQHYHU Ve
KL    Ve
OL, I Ve
OL !V e
KL DJHQWV RI W\SH O KDYH WR SDVV D KLJKHU
KXUGOH LQ RUGHU WR JHW WKH LWK MRE DQG VR DUH GHnQHG WR EH OHJDOO\ GLVFULPLQDWHG DJDLQVW :H
ZLOO VD\ WKDW WKH HFRQRP\ IHDWXUHV V\VWHPDWLF OHJDO GLVFULPLQDWLRQ DJDLQVW DJHQWV RI W\SH O
ZKHQ Ve
OL  Ve
KL IRU HYHU\ L   , _ LQ HYHU\ VHFWRU RI WKH HFRQRP\ QR DJHQW RI W\SH O LV
I D Y R U H GR Y H UD QD J H Q WR IW \ S HK
,Q DQ HFRQRP\ ZLWK OHJDO GLVFULPLQDWLRQ WKH SRVVLELOLW\ H[LVWV WKDW WKH DYHUDJH ZDJH RI
DSSOLFDQWV RI LGHQWLFDO TXDOLW\ PLJKW GHSHQG RQ DSSOLFDQW W\SH DQG VR WKH HTXLOLEULXP ZLOO
IHDWXUH HFRQRPLF GLVFULPLQDWLRQ ,Q VXFK DQ HTXLOLEULXP LI IRU D JLYHQ TXDOLW\ OHYHO TW K H
DYHUDJH ZDJH RI W\SH K DJHQWV H[FHHGV WKDW RI W\SH O DJHQWV WKHQ W\SH O DJHQWV RI TXDOLW\
T DUH GHnQHG WR EH HFRQRPLFDOO\ GLVFULPLQDWHG DJDLQVW 7KH HFRQRP\ IHDWXUHV V\VWHPDWLF
HFRQRPLF GLVFULPLQDWLRQ DJDLQVW DJHQWV RI W\SH O ZKHQ IRU HYHU\ TXDOLW\ OHYHO T  4K ? 4O
WKH DYHUDJH ZDJH RI DOO DJHQWV RI W\SH K DQG TXDOLW\ T LV QR OHVV WKDQ WKH DYHUDJH ZDJH RI
DOO DJHQWV RI W\SH O DQG TXDOLW\ T
:H nUVW FRQVLGHU WKH FDVH ZKHQ WKHUH LV QR GLmHUHQFH EHWZHHQ WKH VLJQDO QRLVH LQ WKH
WZR JURXSV ,Q WKLV FDVH DQ\ GLVFULPLQDWLRQ WKDW UHVXOWV GHULYHV H[FOXVLYHO\ IURP TXDOLW\
GLmHUHQFHV :H WKHQ FRQVLGHU WKH FDVH ZKHQ WKH GLVWULEXWLRQ RI TXDOLW\ LV WKH VDPH IRU ERWK
JURXSV EXW RQH JURXS KDV D OHVV LQIRUPDWLYH VLJQDO )LQDOO\ ZH FRQVLGHU WKH FDVH ZKHQ
ERWK WKH VLJQDO QRLVH DQG WKH GLVWULEXWLRQ RI TXDOLW\ GLmHUV EHWZHHQ WKH WZR JURXSV
 'LmHUHQW 8QGHUO\LQJ 4XDOLW\ 'LVWULEXWLRQV
7KURXJKRXW WKLV VXEVHFWLRQ ZH FRQVLGHU WKH FDVH ZKHQ WKH VLJQDO QRLVH GRHV QRW GHSHQG RQ
WKH DJHQW
V W\SH WKDW LV ZH DVVXPH WKDW *K   *O   *V Rc K  c O  c 'HnQH
4L s >EL￿￿E Lb￿@ ? 4K ? 4O
1RWH WKDW WKLV VHW PXVW FRQWDLQ WKH VHW >x TK
L￿￿ x TK
L @ ? >x TO
L￿￿ x TO
L@ WKH VHW RI SRVVLEOH DSSOLFDQWV
WR WKH LWK MRE WKDW KDYH WKH VDPH TXDOLW\ EXW FRXOG EH RI HLWKHU W\SH 7KH IROORZLQJ SURSR
VLWLRQ VKRZV WKDW D VXpFLHQW FRQGLWLRQ IRU OHJDO GLVFULPLQDWLRQ LV WKDW PRQRWRQH OLNHOLKRRG
SURSHUW\ KROGV RYHU WKH VHW 4L
3URSRVLWLRQ  ,I
IK
IO LV VWULFWO\ LQFUHDVLQJ RQ 4L LQ HTXLOLEULXP WKH LWK HPSOR\HU ZLOO OHJDOO\
GLVFULPLQDWH DJDLQVW HPSOR\HHV RI W\SH O LH Ve
OL !V e
KL DQG DV D UHVXOW x TO
L￿￿ ! x TK
L￿￿
1RWH WKDW WKH PRQRWRQH OLNHOLKRRG UDWLR SURSHUW\ LPSOLHV VWRFKDVWLF GRPLQDQFH EXW
WKH UHYHUVH LV QRW WUXH $V ZH GHPRQVWUDWH H[SOLFLWO\ LQ 6HFWLRQ  LW LV SRVVLEOH IRU VRPH
HPSOR\HUV WR GLVFULPLQDWH DJDLQVW DJHQWV RI W\SH K HYHQ LI )K VWRFKDVWLFDOO\ GRPLQDWHV
)O $V WKH SURSRVLWLRQ PDNHV FOHDU D VWURQJ FRQGLWLRQ LV UHTXLUHG WR JHW V\VWHPDWLF OHJDO
GLVFULPLQDWLRQ
:KHQ WKH FRQGLWLRQ LQ 3URSRVLWLRQ  LV VDWLVnHG WKH QH[W SURSRVLWLRQ VKRZV WKDW HFR
Q R P L FG L V F U L P L Q D W L R QU H V X O W V  % H I R U HZ HV W D W HD Q GS U R Y HW K L VU H V X O W Q R W HW K D WV L Q F HH P 
SOR\HHV KDYH UDWLRQDO H[SHFWDWLRQV WKH H[SHFWHG ZDJH RI D W\SH W HPSOR\HH RI TXDOLW\ T ZLOO
DOVR EH WKH DYHUDJH ZDJH RI DOO W\SH W HPSOR\HHV RI TXDOLW\ T 7KXV WR VKRZ WKDW HFRQRPLF
GLVFULPLQDWLRQ H[LVWV LW LV VXpFLHQW WR VKRZ WKDW WKH H[SHFWHG ZDJH RI HPSOR\HHV RI WKH
VDPH TXDOLW\ EXW RI GLmHUHQW W\SHV GLmHUV
3URSRVLWLRQ  ,Q DQ\ HTXLOLEULXP LQ ZKLFK Ve
KL V e
OL HYHU\ DJHQW RI W\SH O DQG TXDOLW\
EHWZHHQ x TK
L￿￿ DQG Ve
OL cZLOO EH HFRQRPLFDOO\ GLVFULPLQDWHG DJDLQVW
7KH SURSRVLWLRQ VKRZV WKDW ZKHQHYHU OHJDO GLVFULPLQDWLRQ H[LVWV HFRQRPLF GLVFULPLQDWLRQ
PXVW DOVR H[LVW 2QH PLJKW FRQMHFWXUH WKDW WKLV UHVXOW ZLOO EH WUXH HYHQ ZKHQ WKH VLJQDO
QRLVH GLmHUV DFURVV DJHQW W\SHV :H VKRZ LQ WKH QH[W VXEVHFWLRQ WKDW WKLV LV QRW WKH FDVH
7KH QH[W SURSRVLWLRQ GHULYHV D VXpFLHQW FRQGLWLRQ IRU V\VWHPDWLF OHJDO DQG HFRQRPLF
GLVFULPLQDWLRQ
3URSRVLWLRQ  ,I IK
IO LV VWULFWO\ LQFUHDVLQJ RQ 4K ? 4O WKHQ WKH HTXLOLEULXP ZLOO IHDWXUH
V\VWHPDWLF OHJDO DQG HFRQRPLF GLVFULPLQDWLRQ DJDLQVW DJHQWV RI W\SH O
 'LmHUHQW 'LVWULEXWLRQV RI WKH 6LJQDO 1RLVH
,Q WKLV VXEVHFWLRQ ZH FRQVLGHU WKH FDVH ZKHQ WKH XQGHUO\LQJ GLVWULEXWLRQ RI TXDOLW\ LV LGHQ
WLFDO LQ WKH WZR JURXSV EXW HPSOR\HUV DUH DEOH WR PHDVXUH TXDOLW\ EHWWHU LQ RQH JURXS WKDQ
WKH RWKHU )K   )O   ) DQG *K    *O 7KH IROORZLQJ GHnQLWLRQ LV QHHGHG WR SURYLGH DQ
RUGHULQJ RYHU QRLVH GLVWULEXWLRQV
'HnQLWLRQ 7\SH K DJHQWV DUH VDLG WR EH OHVV IDPLOLDU WKDQ W\SH O DJHQWV LI IRU DOO [ VXFK
WKDW  [cO bcO [
JK
JO LV VWULFWO\ LQFUHDVLQJ GHFUHDVLQJ
7KLV GHnQLWLRQ WRJHWKHU ZLWK WKH V\PPHWU\ RI JW LPSOLHV WKDW LI K DJHQWV DUH OHVV IDPLOLDU
WKDQ W\SH O DJHQWV WKHQ IRU p  bcK *Kp !* Op DQG IRU p  cK *Op !* Kp
_ WKHUH LV PRUH SUREDELOLW\ PDVV LQ WKH WDLOV RI JK WKDQ JO 7KXV D VLJQDO IURP D W\SH K
DJHQW LV OHVV LQIRUPDWLYH LQ WKH VHQVH WKDW IRU DQ\ n[HG GHYLDWLRQ ' WKH SUREDELOLW\ WKDW
LW ZLOO GHYLDWH IURP WUXH TXDOLW\ E\ PRUH WKDQ ' LV VWULFWO\ JUHDWHU IRU W\SH O DJHQWV WKDQ LW
LV IRU W\SH K DJHQWV 7KLV LV WKH VHQVH WKDW W\SH O DJHQWV DUH ?OHVV IDPLOLDU
7KH QH[W SURSRVLWLRQ VKRZV WKDW VR ORQJ DV WKH ZDJH RI DQ\ MRE LV QR ODUJHU WKDQ WZLFH
WKH ZDJH RI WKH QH[W EHVW MRE OHJDO GLVFULPLQDWLRQ DOZD\V UHVXOWV DQG IDYRUV WKH OHVV IDPLOLDU
JURXS
3URSRVLWLRQ  /HW W\SH K DJHQWV EH OHVV IDPLOLDU WKDQ W\SH O DJHQWV ,I ZL
ZL￿￿   WKHQ WKH




6 RO R Q JD VW K HZ D J HR ID Q \M R EG R H VQ R WH [ F H H GW Z L F HW K HZ D J HR IW K HQ H [ WZ R U V WM R E L I
ERWK JURXSV KDYH WKH VDPH XQGHUO\LQJ GLVWULEXWLRQ V\VWHPDWLF OHJDO GLVFULPLQDWLRQ DJDLQVW
WKH JURXS ZLWK WKH ORZHU VLJQDO QRLVH ZLOO H[LVW 5HFDOO WKDW ZL   EL VR IRU HTXLOLEULD ZLWK
QR HFRQRPLF UHQWV WKLV FRQGLWLRQ UHGXFHV WR WKH UHODWLYHO\ ZHDN UHTXLUHPHQW WKDW KLULQJ
VWDQGDUGV LQ DQ\ VHFWRU FDQQRW EH WZLFH KDV KLJK DV WKH QH[W ZRUVW VHFWRU
5HODWLYH WR WKH VXpFLHQW FRQGLWLRQ GHULYHG LQ 3URSRVLWLRQ  WKH FRQGLWLRQ LQ 3URSRVLWLRQ
 LV UHPDUNDEO\ ZHDN 2Q WKH VXUIDFH DQ\ZD\ WKLV UHVXOW VHHPV FRXQWHULQWXLWLYH +RZHYHU
LW GHULYHV GLUHFWO\ IURP WKH IDFW WKDW HPSOR\HHV VHOHFW WKH MRE WKH\ DSSO\ IRU ZKHQ ZDJH
GLmHUHQFHV DUH QRW WRR ODUJH WKH DYHUDJH TXDOLW\ RI FDQGLGDWHV DSSO\LQJ IRU WKH LWK MRE
H[FHHGV EL 7R VHH ZK\ WKLV SURYLGHV WKH UHVXOW FRQVLGHU DQ H[WUHPH FDVH LQ ZKLFK )K   )O
DQG cO  E X Wc K !  )RU FDQGLGDWHV RI W\SH O WKH VLJQDO FRPSOHWHO\ UHYHDOV WKH WUXH
TXDOLW\ VR Ve
OL   EL 1RZ FRQVLGHU D FDQGLGDWH RI W\SH K Z K RD U U L Y H VZ L W KDV L J Q D OEL% H F D X V H
WKH DYHUDJH TXDOLW\ RI FDQGLGDWHV DSSO\LQJ IRU WKH MRE H[FHHGV EL ZKHQ WKH HPSOR\HU XVHV KLV
SULRU NQRZOHGJH RI WKH GLVWULEXWLRQ RI FDQGLGDWHV ZKR DSSO\ KH ZLOO LQIHU WKDW WKH H[SHFWHG
TXDOLW\ RI DQ DJHQW ZLWK VLJQDO EL H[FHHGV EL 7KXV WKH FULWLFDO VLJQDO IRU FDQGLGDWHV RI W\SH
K PXVW EH OHVV WKDQ EL
6LQFH WKH FULWLFDO VLJQDO LV DOZD\V KLJKHU IRU WKH JURXS ZLWK WKH VPDOOHU VLJQDO QRLVH
WKLV JURXS VXmHUV IURP V\VWHPDWLF OHJDO GLVFULPLQDWLRQ 6\VWHPDWLF HFRQRPLF GLVFULPLQD
WLRQ QHYHUWKHOHVV GRHV QRW QHFHVVDULO\ H[LVW LQ WKLV HFRQRP\ ,I ZH FRQWLQXH WKH WKRXJKW
H[SHULPHQW LQ WKH SUHYLRXV SDUDJUDSK LW LV HDV\ WR VHH ZK\ 7\SH K HPSOR\HHV RI TXDOLW\
MXVW EHORZ EL FKRRVH WR DSSO\ IRU WKH LWK MRE VR WKHLU H[SHFWHG ZDJHV PXVW H[FHHG ZL￿￿W K H
ZDJH RI W\SH O HPSOR\HHV RI WKH VDPH TXDOLW\ 7KH UHYHUVH LV WUXH IRU HPSOR\HHV RI TXDOLW\
MXVW DERYH EL7 \ S HK HPSOR\HHV FDQQRW JHW WKH MRE IRU VXUH RWKHUZLVH  FRXOG QRW EH
VDWLVnHG VR WKHLU H[SHFWHG ZDJHV DUH VWULFWO\ OHVV WKDQ ZL WKH H[SHFWHG ZDJH RI W\SH O
HPSOR\HHV
7KH UHDVRQ WKDW OHJDO GLVFULPLQDWLRQ GRHV QRW QHFHVVDULO\ OHDG WR HFRQRPLF GLVFULPL
QDWLRQ LV WKDW HFRQRPLF GLVFULPLQDWLRQ LV GHnQHG LQ WHUPV RI GLmHUHQFHV LQ DYHUDJH ZDJHV
ZLWKRXW DQ\ UHJDUG WR ZKHUH WKHVH GLmHUHQFHV RULJLQDWH 1RWH WKH HYHQ LI WKHUH ZHUH QR OHJDO
GLVFULPLQDWLRQ LQ WKH WKRXJKW H[SHULPHQW VR WKDW Ve
KL   EL HFRQRPLF GLVFULPLQDWLRQ ZRXOG
VWLOO H[LVW
,Q OLJKW RI KRZ ZHDN WKH FRQGLWLRQV DUH WKDW JXDUDQWHH OHJDO GLVFULPLQDWLRQ LQ WKH HFRQ
RP\ WKH IROORZLQJ SURSRVLWLRQ IROORZV LPPHGLDWHO\
3URSRVLWLRQ  /HW W\SH K DJHQWV EH OHVV IDPLOLDU WKDQ W\SH O DJHQWV ,I IRU HYHU\ L  
, ZL
ZL￿￿   WKHQ WKH HTXLOLEULXP ZLOO IHDWXUH V\VWHPDWLF OHJDO GLVFULPLQDWLRQ DJDLQVW
DJHQWV RI W\SH O
6R ORQJ DV HPSOR\HUV DFW RSWLPDOO\ LQ WKLV PRGHO 3URSRVLWLRQ  LPSOLHV WKDW WKH SRVVL
ELOLW\ WKDW PHDVXUHPHQW GLVFULPLQDWLRQ E\ DFWLQJ WR UHGXFH WKH LQFHQWLYH RI RQH JURXS WR
DGRSW VHOILPSURYLQJ WHFKQRORJLHV PLJKW LQ WXUQ OHDG WR TXDOLnFDWLRQ GLVFULPLQDWLRQ DV LQ
/XQGEHUJ DQG 6WDUW]  LV XQOLNHO\ $OWKRXJK OHJDO GLVFULPLQDWLRQ LV OLNHO\ WR H[LVW WKH
GLmHUHQFHV LQ H[SHFWHG ZDJHV DUH XQOLNHO\ WR V\VWHPDWLFDOO\ GLVDGYDQWDJH DQ\ RQH JURXS
*LYHQ WKH ODUJH XQFHUWDLQW\ LQ ERWK KRZ PXFK DQ LQYHVWPHQW LQ HGXFDWLRQ ZLOO LQFUHDVH DQ
LQGLYLGXDO
V PDUJLQDO SURGXFW DV ZHOO DV LQ IXWXUH ZDJHV LW ZRXOG EH H[WUHPHO\ GLpFXOW IRU
DQ LQGLYLGXDO PHPEHU RI HLWKHU W\SH WR WHOO H[ DQWH ZKHWKHU DQ LQYHVWPHQW LQ HGXFDWLRQ
ZRXOG EH PRUH SURGXFWLYH H[ SRVW ZHUH VKH RI DQRWKHU W\SH￿
 'LmHUHQFHV ERWK LQ WKH 8QGHUO\LQJ 4XDOLW\ DQG WKH 6LJQDO 1RLVH
,Q WKLV VXEVHFWLRQ ZH FRQVLGHU HFRQRPLHV IRU ZKLFK )K    )O DQG *K    *O 7KH UHVXOWV
IROORZ GLUHFWO\ IURP WKH UHVXOWV RI WKH SUHYLRXV WZR VXEVHFWLRQV
￿7KLV LV DOVR FRQVLVWHQW ZLWK WKH UHFHQW HPSLULFDO HYLGHQFH VHH IRU H[DPSOH .XKQ  RU 1HDO DQG
-RKQVRQ 
3URSRVLWLRQ  /HW W\SH K DJHQWV EH OHVV IDPLOLDU WKDQ W\SH O DJHQWV ,I ZL
ZL￿￿   DQG
IK
IO
LV VWULFWO\ LQFUHDVLQJ RQ >EL￿￿E Lb￿@ LQ HTXLOLEULXP WKH LWK HPSOR\HU ZLOO OHJDOO\ GLVFULPLQDWH
DJDLQVW HPSOR\HHV RI W\SH O LH Ve
OL !V e
KL
7KH QH[W SURSRVLWLRQ IROORZV LPPHGLDWHO\ IURP WKLV SURSRVLWLRQ DQG LV VWDWHG ZLWKRXW
SURRI
3URSRVLWLRQ  /HW W\SH K DJHQWV EH OHVV IDPLOLDU WKDQ W\SH O DJHQWV ,I IRU HYHU\ L  
, ZL
ZL￿￿   DQG IK
IO LV VWULFWO\ LQFUHDVLQJ RQ 4> LQ HTXLOLEULXP WKH V\VWHPDWLF OHJDO
GLVFULPLQDWLRQ DJDLQVW HPSOR\HHV RI W\SH O ZLOO H[LVW
1RWH WKDW FRPSDUDEOH UHVXOWV FDQQRW EH GHULYHG IRU HFRQRPLF GLVFULPLQDWLRQ ,Q WKLV FDVH
WKH GLVFULPLQDWLRQ GHSHQGV RQ WKH UHODWLYH PDJQLWXGH RI WKH GLmHUHQFHV LQ WKH VLJQDO QRLVH
DQG XQGHUO\LQJ TXDOLW\ $OVR ZKHQ WKH FRQGLWLRQV LQ 3URSRVLWLRQ  GR QRW KROG WKH UHODWLYH
PDJQLWXGHV RI WKH WZR IDFWRUV WKDW FDXVH WKH GLVFULPLQDWLRQ ZLOO EH LPSRUWDQW LQ GHWHUPLQLQJ
ZKR VXmHUV IURP WKH GLVFULPLQDWLRQ 6LQFH WKH UHODWLYH LPSRUWDQFH RI WKH IDFWRUV GHSHQGV
RQ FKDUDFWHULVWLFV RI WKH VSHFLnF GLVWULEXWLRQV WR GUDZ LQIHUHQFHV LW LV QHFHVVDU\ WR IXUWKHU
UHVWULFW WKHVH GLVWULEXWLRQV ,Q WKH 6HFWLRQ  ZH ZLOO DWWHPSW WR JDLQ VRPH LQVLJKW LQWR WKH
UHODWLYH LPSRUWDQFH RI WKH IDFWRUV E\ FRQVLGHULQJ WKUHH VSHFLnF FDVHV
 ,QWHUDFWLRQ %HWZHHQ 4XDOLW\ 'LmHUHQFHV DQG 1RLVH 'LmHU
HQFHV
,Q WKLV VHFWLRQ RI WKH SDSHU ZH ZLOO FRQVLGHU WKUHH VSHFLnF FDVHV ,Q DOO WKUHH FDVHV ZH DVVXPH
WKDW p LV GLVWULEXWHG 8QLIRUP>bcWcW@ ,Q WKH nUVW FDVH ZH ZLOO DVVXPH WKDW TXDOLW\ LV DOVR
XQLIRUPO\ GLVWULEXWHG ,Q WKLV FDVH ZH DUH DEOH WR REWDLQ FORVHG IRUP VROXWLRQV ,Q WKH
WZR UHPDLQLQJ FDVHV ZH DVVXPH WKDW TXDOLW\ LV GLVWULEXWHG XQGHU D 1RUPDO DQG D &DXFK\
GLVWULEXWLRQ ,Q WKHVH FDVHV FORVHG IRUP H[SUHVVLRQV DUH QRW DWWDLQDEOH DQG VR ZH UHO\ RQ
QXPHULFDO PHWKRGV
,Q DOO WKUHH FDVHV H[DPLQHG ZH nQG WKDW WKH UHVXOWLQJ TXDOLnFDWLRQ GLVFULPLQDWLRQ LV VPDOO
UHODWLYH WR WKH DVVXPHG TXDOLW\ GLmHUHQFHV DFURVV W\SHV 7KLV LV QRW WUXH IRU PHDVXUHPHQW
GLVFULPLQDWLRQ ,Q DOO WKUHH FDVHV GLmHUHQFHV LQ WKH VLJQDO QRLVH OHDGV WR VLJQLnFDQW OHJDO DQG
HFRQRPLF GLVFULPLQDWLRQ +RZHYHU WKH W\SH WKDW EHQHnWV GHSHQGV RQ TXDOLW\ ,QWHUHVWLQJO\
FRPPRQO\ XVHG PHDVXUHV RI GLVFULPLQDWLRQ VXFK DV DYHUDJH ZDJHV DQG WKH UDWLR RI HDFK W\SH
HPSOR\HG LQ HDFK VHFWRU FRQYH\ WKH RSSRVLWH UHVXOWV 7KDW LV TXDOLnFDWLRQ GLVFULPLQDWLRQ
O H D G VW RO D U J HD Y H U D J HZ D J HG L m H U H Q F H VD VZ H O OD VU D W L R VZ L W K L QW K HV H F W R UT X L W HG L m H U H Q WW R
WKH UDWLR RI HDFK W\SH LQ WKH HFRQRP\ DV D ZKROH 0HDVXUHPHQW GLVFULPLQDWLRQ RQ WKH RWKHU
KDQG OHDGV WR DOPRVW QR DYHUDJH ZDJH GLmHUHQFHV DQG UDWLRV LQ WKH VHFWRUV WKDW PLUURU WKH
U D W L RR IH D F KW \ S HL QW K HH F R Q R P \D VDZ K R O H 
/HPPD % LQ WKH DSSHQGL[ VKRZV WKDW LI p LV GLVWULEXWHG 8QLIRUP>bcWcW@L QH Y H U \
HTXLOLEULXP *Wx TW
L b Ve
WL L _ LI WKH EHVW SRVVLEOH DSSOLFDQW DSSOLHV IRU WKH MRE KH ZLOO
JHW LW IRU VXUH 7KLV DVVXPSWLRQ FDQ EH XVHG WR VLPSOLI\ WKH HTXLOLEULXP FRQGLWLRQV IXUWKHU
)URP  ZH JHW
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X b EL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   
7KXV  DQG  FDQ UHSODFH  DQG  LQ WKH GHnQLWLRQ RI WKH MRE PDUNHW HTXLOLEULXP
8QGHU WKH 8QLIRUP DVVXPSWLRQ V\VWHPDWLF OHJDO GLVFULPLQDWLRQ WKDW UHVXOWV IURP GLmHU
HQFHV LQ VLJQDO QRLVH FDQ QHYHU E\ LWVHOI OHDG WR V\VWHPDWLF HFRQRPLF GLVFULPLQDWLRQ 7KH
IROORZLQJ SURSRVLWLRQ SURYHV WKLV
3URSRVLWLRQ  $VVXPH WKDW )K   )O DQG WKH FRQGLWLRQ LQ 3URSRVLWLRQ  KROGV 7KHQ
V\VWHPDWLF HFRQRPLF GLVFULPLQDWLRQ ZLOO QRW H[LVW
 &DVH , 8QLIRUPO\ 'LVWULEXWHG $JHQWV
$VVXPH WKDW WKH XQGHUO\LQJ GLVWULEXWLRQ RI DJHQW
V TXDOLW\ IRU ERWK W\SHV LV XQLIRUP WKDW
LV
)O s 8>x O@D Q G)K s 8>x K@ 





X b EL GX    
,QWHJUDWLQJ  JLYHV
Ve
WL c W :L









%\ DVVXPSWLRQ WKLV HTXDWLRQ RQO\ KROGV IRU MREV WR ZKLFK HPSOR\HHV DSSO\ ,I LQ HYHU\
VHFWRU L QL !  IRU W\SH K DSSOLFDQWV  KROGV IRU DOO MREV 7R GHWHUPLQH ZKLFK MREV W\SH
O DSSOLFDQWV DSSO\ IRU QRWH WKDW
Ve
OL  x O b cO
IRU DQ\ L WR ZKLFK W\SH O DSSOLFDQWV DSSO\ 8VLQJ  SURYLGHV




7KXV WKH VHW RI MREV WKDW W\SH O HPSOR\HHV DSSO\ WR LV UHVWULFWHG WR WKH VHW $ sI LMEL 
x O b cW
￿  b :LJ' H n Q Hu DV WKH VPDOOHVW HOHPHQW RI $
:KHQ cK  c O  c WKDW LV WKH HPSOR\HU
V HVWLPDWH RI DQ DSSOLFDQWV WUXH TXDOLW\ LV
LQGHSHQGHQW RI WKH DSSOLFDQW
V W\SH WKHQ IURP  IRU WKH MREV WKDW ERWK W\SHV DSSO\ WR
Ve
WL GRHV QRW GHSHQG RQ W )RU WKHVH MREV WKH FULWLFDO VLJQDO LV WKH VDPH IRU ERWK W\SHV DQG
VR WKHUH LV QR OHJDO GLVFULPLQDWLRQ 7KLV UHVXOW GRHV QRW GHSHQG RQ WKH UHODWLYH YDOXHV RI x K
DQG x O 7KHUH LV QR GLVFULPLQDWLRQ LQ WKH HFRQRP\ HYHQ WKRXJK )K VWRFKDVWLFDOO\ GRPLQDWHV
)O
%\ VXEVWLWXWLQJ  LQWR  DQG VROYLQJ IRU x TW
L LQ WHUPV RI WKH SULPLWLYHV ZH JHW
x TW
L￿￿   EL b
c

 b :L￿￿ 
ZKHUH L LV UHVWULFWHG WR WKH VHW $ IRU W   O 6LQFH WKH ULJKW KDQG VLGH RI WKLV HTXDWLRQ LV
Q R WDI X Q F W L R QR IW \ S H x TW
L￿￿ LV QRW D IXQFWLRQ RI W\SH +RZHYHU  GRHV QRW SURYLGH WKH
XSSHU ERXQG RQ WKH EHVW MRE DJHQWV DSSO\ WR WKLV ERXQG LV JLYHQ E\ WKH XSSHU ERXQG RI
WKH TXDOLW\ GLVWULEXWLRQ 7KHUHIRUH IRU DQ\ MRE H[FHSW SHUKDSV IRU MRE u DOO DJHQWV RI WKH
VDPH TXDOLW\ FKRRVH WR DSSO\ IRU WKH VDPH MREV
)RU MRE u WKH EHVW MRE W\SH O DJHQWV DSSO\ IRU LI x TK
u w x O WKHQ WKH YDOXH RI x O GRHV QRW
DmHFW WKH DQDO\VLV DQG VR WKH DERYH LQIHUHQFH WKDW DJHQWV RI WKH VDPH TXDOLW\ DSSO\ IRU
W K HV D P HM R E VK R O G VI R UM R Eu DV ZHOO 6LQFH DQ\ DSSOLFDQW
V SUREDELOLW\ RI JHWWLQJ D MRE LV
LQGHSHQGHQW RI W\SH E\  IRU D JLYHQ TXDOLW\ OHYHO WKH DYHUDJH ZDJH ZLOO QRW GLmHU
EHWZHHQ W\SHV DQG VR QR HFRQRPLF GLVFULPLQDWLRQ H[LVWV LQ WKH HFRQRP\ ,I RQ WKH RWKHU
KDQG x TK
u  x O WKHQ VRPH KLJK TXDOLW\ W\SH O D J H Q W VP L J K WH [ L V WZ K RF K R R V HQ R WW RD S S O \I R U
WKH VDPH MRE WKDW W\SH K DJHQWV RI WKH VDPH TXDOLW\ DSSO\ IRU 7R VHH ZK\ QRWH WKDW DJHQWV
RI W\SH O ZLWK TXDOLW\ EHWZHHQ x TK
u DQG x O DSSO\ IRU MRE u ZKLOH DJHQWV RI W\SH K ZLWK TXDOLW\
EHWZHHQ x TK
u DQG x O DSSO\ IRU MRE u b ￿￿ 7KXV WKLV VXEVHW RI DJHQWV DORQH ZLOO KDYH GLmHUHQW
DYHUDJH ZDJHV DQG VR WKH W\SH O DJHQWV LQ WKLV VXEVHW ZLOO VXmHU HFRQRPLF GLVFULPLQDWLRQ
￿￿5HFDOO IURP /HPPD % WKDW HYHU\ MRE WKDW DJHQWV DSSO\ IRU PXVW LQFOXGH WKH SRVVLELOLW\ WKDW DQ DJHQW
RI VXpFLHQWO\ KLJK TXDOLW\ ZLOO DSSO\ ZKR ZLOO JHW WKH MRE IRU VXUH 7KXV DJHQWV RI W\SH O ZLWK TXDOLW\ EHWZHHQ
x T
K
u DQG x O FDQQRW DSSO\ IRU MRE u b  EHFDXVH QR W\SH O DJHQW H[LVWV ZKR FRXOG JHW WKDW MRE IRU FHUWDLQ
) R UD O OR W K H UV H F W R U VL VXFK WKDW L!u  KRZHYHU WKHUH LV QR HFRQRPLF RU OHJDO GLVFULPLQDWLRQ
'LmHUHQW UHVXOWV REWDLQ ZKHQ cK   c O VR WKDW WKH VLJQDO QRLVH GLmHUV EHWZHHQ JURXSV
%\  Ve
WL LV D GHFUHDVLQJ IXQFWLRQ RI cW VR WKH OHVV IDPLOLDU JURXS LV OHJDOO\ GLVFULPLQDWHG
DJDLQVW ,Q WKLV FDVH WKH HmHFW RI WKH PHDVXUHPHQW XQFHUWDLQW\ GRPLQDWHV WKH XQFHUWDLQW\
LQ TXDOLW\ ,QFUHDVLQJ WKH UHODWLYH YDOXHV RI x K DQG x O PDNHV QR GLmHUHQFH WR WKH UHVXOWLQJ OHJDO
GLVFULPLQDWLRQ EHFDXVH LW GRHV QRW H[LVW ,QFUHDVLQJ WKH UHODWLYH YDOXHV RI cK RU cO KDV DQ
HmHFW RQ WKH UHVXOWLQJ OHJDO GLVFULPLQDWLRQ EHFDXVH E\  Ve
WL LV D OLQHDU IXQFWLRQ RI cW
7KLV H[DPSOH GHPRQVWUDWHV DQ LPSRUWDQW GLmHUHQFH EHWZHHQ VWDWLVWLFDO GLVFULPLQDWLRQ
WKDW UHVXOWV IURP TXDOLW\ GLmHUHQFHV UDWKHU WKDQ GLmHUHQFHV LQ PHDVXUHPHQW HUURU :KHQ WKH
RQO\ GLmHUHQFH EHWZHHQ HPSOR\HH W\SHV LV WKH GLVWULEXWLRQ RI TXDOLW\ HPSOR\HH VHOI VHOHFWLRQ
HOLPLQDWHV WKH GLVFULPLQDWLRQ LQ WKH H[DPSOH 2Q WKH RWKHU KDQG ZKHQ GLmHUHQFHV UHVXOW










ZL   WKH GLmHUHQFH LQ WKH FULWLFDO VLJQDO EHWZHHQ WKH WZR JURXSV LV DOZD\V OHVV
WKDQ WKH VLJQDO GLmHUHQFHV VR HPSOR\HH VHOI VHOHFWLRQ PLWLJDWHV WKH GLVFULPLQDWLRQ +RZHYHU
EHFDXVH RI WKH H[LVWHQFH RI WKH UHVHUYDWLRQ ZDJH
ZL￿￿
ZL !  VR WKH GLVFULPLQDWLRQ FDQQRW EH
UHPRYHG HQWLUHO\
,Q WKH FDVH RI TXDOLW\ GLmHUHQFHV WKH VHOI VHOHFWLRQ GLUHFWO\ DmHFWV WKH XQGHUO\LQJ UHD
VRQ IRU GLVFULPLQDWLQJ LQ WKH nUVW SODFH E\ DOWHULQJ WKH FRQGLWLRQDO TXDOLW\ GLVWULEXWLRQDO
GLmHUHQFHV EHWZHHQ W\SHV ,Q WKH FDVH RI PHDVXUHPHQW GLmHUHQFHV WKH VHOIVHOHFWLRQ ELDV
GRHV QRW DmHFW WKH VLJQDO QRLVH DQG VR GRHV QRW GLUHFWO\ DmHFW WKH XQGHUO\LQJ FDXVH RI WKH
GLVFULPLQDWLRQ ,W WKHUHIRUH FDQQRW FRPSOHWHO\ HOLPLQDWH WKH HmHFW RI GLmHUHQFHV LQ VLJQDO
QRLVH
 &DVH ,, 1RUPDOO\ 'LVWULEXWHG $JHQWV
,Q WKLV VHFWLRQ ZH ZLOO FRQVLGHU D MRE PDUNHW ZHUH DJHQW
V TXDOLWLHV DUH GLVWULEXWHG QRUPDOO\
WKDW LV ZH DVVXPH WKDW
)O s 1RUPDO>@ DQG )K s 1RUPDO>@ 
7KH WRWDO QXPEHU RI HPSOR\HHV LV QRUPDOL]HG WR  DQG LW LV DVVXPHG WKDW WKHUH LV DQ HTXDO
IUDFWLRQ RI W\SH K DQG W\SH O HPSOR\HHV 7KHUH DUH  GLmHUHQW MRE VHFWRUV ZLWKEL  bL
L    5HFDOO WKDW HPSOR\HUV GR QRW PDNH HFRQRPLF UHQWV Rm WKHLU HPSOR\HHV VR
ZL   EL 7KLV PDUJLQDO SURGXFW ZDJH VFKHGXOH LV VHOHFWHG VR WKDW WKH UDWLR RI WKH KLJKHVW
PDUJLQDO SURGXFW ZDJH WR WKH UHVHUYDWLRQ ZDJH LV  7R HQVXUH H[LVWHQFH ZH VHW WKH
QXPEHU RI MREV LQ HDFK VHFWRU HTXDO WR WKH VXSSO\ RI DYDLODEOH HPSOR\HHV
7KHVH WZR GLVWULEXWLRQV DV ZHOO DV WKH PLQLPXP UHTXLUHG TXDOLW\ DQG ZDJH IRU HDFK MRE
DUH SORWWHG LQ )LJXUH  3DQHO $ $JHQWV RI W\SH K DUH WKHUHIRUH ?EHWWHU ERWK LQ WHUPV RI
DYHUDJH TXDOLW\ DQG LQ WHUPV RI WKH IDFW WKDW TXDOLW\ LV OHVV GLVSHUVHG _ )K VHFRQG RUGHU
VWRFKDVWLFDOO\ GRPLQDWHV )O 1HYHUWKHOHVV DV )LJXUH  3DQHO % GHPRQVWUDWHV WKH OLNHOLKRRG
UDWLR LV QRW PRQRWRQH RYHU DOO MRE VHFWRUV $V D UHVXOW WKH GLUHFWLRQ RI WKH GLVFULPLQDWLRQ
LQ HTXLOLEULXP ZLOO QRW DOZD\V IDYRU RQH W\SH
)LJXUH  4XDOLW\ 'LVWULEXWLRQV
7KH FXUYHV DUH WZR QRUPDO GLVWULEXWLRQV DQG WKH OLJKW FXUYHV DUH WKH WZR &DXFK\ GLVWULEXWLRQV 3DQHO
$ SORWV WKH UHVSHFWLYH GHQVLW\ IXQFWLRQV DQG SDQHO % SORWV WKH OLNHOLKRRG UDWLR
IK
IO  7KH YHUWLFDO
JUD\ OLQHV RQ WKH HYHQ QXPEHUV PDUN WKH ZDJH RmHUHG E\ HPSOR\HUV DV ZHOO DV HPSOR\HUV
 PLQLPDO
DFFHSWDEOH H[SHFWHG TXDOLW\ PDUJLQDO SURGXFW 7KH YHUWLFDO JUD\ OLQH DW RQH LV WKH UHVHUYDWLRQ ZDJH
LQ WKH HFRQRP\
1 20 18 16 14 12 10 8 6 4 2
A: Density Functions
1 20 18 16 14 12 10 8 6 4 2
B: Likelihood Ratio




















































ZKHUH 1[ LV WKH VWDQGDUG QRUPDO GLVWULEXWLRQ IXQFWLRQ 7KH VROXWLRQ WR WKHVH HTXDWLRQV
SURYLGHV WKH HTXLOLEULXP Ve
WLI R UH D F KW \ S HW (TXDWLRQ  FDQ WKHQ EH XVHG WR GHULYH WKH
HTXLOLEULXP x TW
L QL LV WKHQ VHW E\ 
:H nUVW FRQVLGHU WKH FDVH ZKHQ WKH VLJQDO QRLVH GRHV QRW GHSHQG RQ WKH DJHQW
V W\SH
LH cK  c O  c   c LV FKRVHQ WR EH FORVH WR WKH PD[LPXP WKDW VWLOO HQVXUHV WKDW
HYHU\ VHFWRU KDV D SRVLWLYH QXPEHU RI HPSOR\HHV 7KH HTXLOLEULXP LV UHSRUWHG LQ 7DEOH 
,W LV TXLWH VWULNLQJ KRZ VPDOO WKH GLmHUHQFH LQ FULWLFDO VLJQDOV LV EHWZHHQ WKH WZR JURXSV
RI DJHQWV (YHQ WKRXJK DYHUDJH TXDOLW\ GLmHUV E\  RQH VWDQGDUG GHYLDWLRQ RI IK LQ
QR FDVH GRHV WKH FULWLFDO VLJQDO GLmHUHQFH H[FHHG  $V SUHGLFWHG E\ )LJXUH  3DQHO %
WKH GLUHFWLRQ RI WKH GLVFULPLQDWLRQ IDYRUV W\SH O DJHQWV LQ WKH EHWWHU VHFWRUV ZKHUH WKH
OLNHOLKRRG UDWLR LV GHFUHDVLQJ ,Q WKLV H[DPSOH WKH JURXS ZLWK WKH EHWWHU DYHUDJH TXDOLW\ LV
GLVFULPLQDWHG DJDLQVW LQ WKH nUVW IRXU MRE VHFWRUV DQG EHQHnWV IURP WKH GLVFULPLQDWLRQ LQ
WKH RWKHU VHFWRUV 7KLV LV WUXH ERWK IRU OHJDO GLVFULPLQDWLRQ VHH 7DEOH  URZV  DQG  DQG
HFRQRPLF GLVFULPLQDWLRQ VHH )LJXUH  GDUN FXUYH
7DEOH  7KH (TXLOLEULXP LQ WKH (FRQRP\ ZLWK 1RUPDO $JHQWV ZLWK ,GHQWLFDO
6LJQDO 1RLVH
4XDOLW\ PDUJLQDO SURGXFW LV GLVWULEXWHG 1RUPDO>@ IRU DJHQWV RI W\SH O 1RUPDO>@ IRU DJHQWV
RI W\SH K DQG cK  c O    7KH IUDFWLRQ RI HPSOR\HHV HPSOR\HG Q WKH RmHUHG ZDJH RU PLQLPDO
H[SHFWHG PDUJLQDO SURGXFW Z WKH HTXLOLEULXP FULWLFDO VLJQDO Ve
K DQG Ve
O  WKH XSSHU ERXQG RQ
TXDOLW\ x TK DQG x TK DQG WKH IUDFWLRQ RI HDFK W\SH HPSOR\HG LQ HDFK VHFWRU QK DQG QO DUH OLVWHG
EHORZ 7KH nQDO WZR URZV (K>ZML@D Q G(O>ZML@ DUH WKH H[SHFWHG ZDJH RI DOO HPSOR\HHV RI D SDUWLFXODU
W\SH ZKR FKRRVH WR DSSO\ LQ WKH LWK VHFWRU 7KH RYHUDOO IUDFWLRQ RI HPSOR\HHV HPSOR\HG Q DQG WKH
IUDFWLRQ E\ W\SH QK DQG QO DUH OLVWHG LQ SHUFHQW 7KH nQDO FROXPQ FRQWDLQV WKHVH YDOXHV IRU WKH
UHVHUYDWLRQ MRE LQ WKH HFRQRP\
-RE
          UHV
Q           
Z           
Ve
K           b
Ve
O           b
x TK           
x TO           
QK           
QO           
(K>ZML@           
(O>ZML@           
7KH GLmHUHQFH EHWZHHQ WKH H[SHFWHG ZDJHV RI LGHQWLFDO DJHQWV IURP GLmHUHQW JURXSV LV
V RV P D O OW K D WL WL VD O P R V WL Q G L V W L Q J X L V K D E O HR QW K HS O R WR IH [ S H F W H GZ D J H V ) L J X U H G D U N
FXUYHV 7KLV GLmHUHQFH DV D IUDFWLRQ RI WKH H[SHFWHG ZDJH RI WKH DJHQW RI W\SH OL VS O R W W H G
LQ )LJXUH ￿￿ ,Q DOO FDVHV WKH GLmHUHQFH LQ WKH H[SHFWHG ZDJH RI WKH WZR W\SHV LV ZLWKLQ
￿￿7KH SHFXOLDU VKDSH RI WKH SORW LV HDVLO\ H[SODLQHG 5HJLRQV LQ ZKLFK WKH GLmHUHQFH LV ]HUR FRUUHVSRQG
)LJXUH  ([SHFWHG :DJHV LQ WKH (FRQRP\ ZLWK 1RUPDO $JHQWV
7KH H[SHFWHG ZDJH RI DQ DJHQW RI TXDOLW\ T LV WKH SUREDELOLW\ RI JHWWLQJ WKH MRE WKLV DJHQW FKRRVHV
WR DSSO\ IRU PXOWLSOLHG E\ WKH ZDJH RmHUHG IRU WKLV MRE 7KH GDUN GDVKHG FXUYH LV WKH H[SHFWHG
ZDJH RI W\SH K O DJHQWV LQ WKH HFRQRP\ ZLWK GLmHUHQW TXDOLW\ GLVWULEXWLRQV EXW WKH VDPH VLJQDO
QRLVH LH cK  c O    7KH OLJKW FXUYH LV WKH H[SHFWHG ZDJH RI DQ DJHQW ZLWK WKH W\SH K TXDOLW\
GLVWULEXWLRQ EXW ZLWK VLJQDO QRLVH c   7KH YHUWLFDO JUD\ OLQHV PDUN WKH RmHUHG ZDJH RU PLQLPDO
H[SHFWHG PDUJLQDO SURGXFW IRU HDFK UHVSHFWLYH MRE







 RI WKH H[SHFWHG ZDJH RI WKH O W\SH
2QH RI WKH IHDWXUHV RI WKLV HTXLOLEULXP LV WKDW WKH DEVROXWH PDJQLWXGH RI WKH GLVFULPL
QDWLRQ GHFUHDVHV DV WKH TXDOLW\ RI WKH MRE LQFUHDVHV 7KH UHDVRQ IRU WKLV LV WKDW JLYHQ WZR
MREV WKH HPSOR\HH
V GHFLVLRQ DERXW ZKLFK MRE WR DSSO\ IRU GHSHQGV RQ WKH UDWLR RI WKH ZDJHV
RI WKH WZR MREV VHH  6LQFH WKLV ZDJH UDWLR GHFUHDVHV ZLWK MRE TXDOLW\ UHODWLYHO\ PRUH
DSSOLFDQWV WR WKH ORZ SD\LQJ MREV RSW WR WDNH WKH ULVN DQG DSSO\ IRU D MRE WKH\ PLJKW QRW
JHW UDWKHU WKDQ DSSO\LQJ IRU WKH QH[W ZRUVH MRE ZKLFK WKH\ FDQ JHW ZLWK FHUWDLQW\ 7KXV
WKH UHJLRQV LQ ZKLFK WKH H[SHFWHG ZDJHV DUH WKH VDPH EHFDXVH ERWK W\SHV FKRRVH WR DSSO\
WR MREV WKH\ FDQ JHW IRU VXUH LQFUHDVH DV WKH MREV JHW EHWWHU 6LQFH WKH VLJQDOV LQ WKHVH
UHJLRQV DUH IXOO\ UHYHDOLQJ WKH IUDFWLRQ RI DSSOLFDQWV ZLWK IXOO\ UHYHDOLQJ VLJQDOV LV KLJKHU
LQ WKH EHWWHU MREV &RQVHTXHQWO\ WKH DYHUDJH LQIRUPDWLYHQHVV RI WKH VLJQDO LV KLJKHU VR WKH
DPRXQW RI GLVFULPLQDWLRQ LV FRUUHVSRQGLQJO\ ORZHU
2I FRXUVH IURP DQ HPSLULFDO VWDQGSRLQW VLQFH WUXH TXDOLW\ LV XQREVHUYDEOH WKH H[SHFWHG
RU DYHUDJH ZDJH IRU D JLYHQ TXDOLW\ OHYHO LV XQREVHUYDEOH 7KH nQDO WZR URZV RI WDEOH
DGGUHVV WKLV LVVXH E\ FDOFXODWLQJ WKH DYHUDJH ZDJH RI DOO DSSOLFDQWV WR D SDUWLFXODU VHFWRU
+HUH DJDLQ WKH GLmHUHQFHV DUH YHU\ VPDOO DQG WKH GLUHFWLRQ PLUURUV WKH GLUHFWLRQ RI WKH
HFRQRPLF GLVFULPLQDWLRQ LQ WKH HFRQRP\ +RZHYHU WKH DYHUDJH ZDJH DOO W\SH K DJHQWV LV
 ZKLOH LW LV RQO\  IRU W\SH O DJHQWV )URP D SROLF\ SHUVSHFWLYH WKLV GLmHUHQFH LV
LPSRUWDQW EHFDXVH LW HPSKDVL]HV WKDW HYHQ WKRXJK WKH DPRXQW RI HFRQRPLF GLVFULPLQDWLRQ
LQ WKLV HFRQRP\ LV VPDOO EHFDXVH WKHUH DUH ODUJH DYHUDJH GLmHUHQFHV LQ TXDOLW\ DFURVV W\SHV
DYHUDJH ZDJH GLmHUHQFHV DUH VWLOO YHU\ ODUJH
:KHQ GLmHUHQFHV LQ W\SHV DUH GULYHQ E\ GLmHUHQFHV LQ VLJQDO QRLVH WKH PDJQLWXGH RI WKH
UHVXOWLQJ GLVFULPLQDWLRQ LQFUHDVHV DSSUHFLDEO\ 7DEOH  VKRZV WKH HTXLOLEULXP ZKHQ TXDOLW\
LV GLVWULEXWHG LGHQWLFDOO\ 1RUPDO>@ IRU ERWK W\SHV EXW cK    DQG cO    7KH
GLmHUHQFH LQ WKH FULWLFDO VLJQDOV LV QRZ ODUJHU WKDQ EHIRUH UHDFKLQJ D PD[LPXP RI 
&RQVHTXHQWO\ WKH DYHUDJH TXDOLW\ RI DSSOLFDQWV DSSO\LQJ IRU DQ\ MRE LV VLJQLnFDQWO\ ORZHU LQ
WKH K JURXS WKDQ WKH O JURXS 7KH PDJQLWXGH RI WKH HFRQRPLF GLVFULPLQDWLRQ LV DSSUHFLDEO\
ODUJHU DQG FRQVLVWHQW ZLWK 3URSRVLWLRQ  LW GRHV QRW V\VWHPDWLFDOO\ IDYRU DQ\ RQH W\SH RYHU
WKH RWKHU )LJXUH  7KH SHUFHQWDJH GLmHUHQFHV LQ H[SHFWHG ZDJHV )LJXUH  LV VXUSULVLQJO\
ODUJH ZKHQ FRPSDUHG WR WKH SUHYLRXV FDVH UHDFKLQJ D PD[LPXP RI DERXW ￿￿
WR TXDOLW\ OHYHOV LQ ZKLFK DJHQWV RI ERWK W\SHV DUH FHUWDLQ WR JHW WKH MRE LI WKH\ DSSO\ 7KXV WKHLU H[SHFWHG
ZDJH LV WKH VDPH 2QFH RQH RI WKH W\SHV VD\ K FKRRVHV WR DSSO\ WR WKH QH[W EHVW MRE WKH FXUYH ULVHV UDSLGO\
VLQFH DV TXDOLW\ LQFUHDVHV WKH SUREDELOLW\ RI JHWWLQJ WKH MRE ULVHV DFFRUGLQJO\ 8QWLO TXDOLW\ LQFUHDVHV WR WKH
SRLQW WKDW DJHQWV RI WKH RWKHU W\SH O FKRRVH WR DSSO\ IRU WKH VDPH MRE WKH H[SHFWHG ZDJH RI WKH RWKHU
W\SH UHPDLQV FRQVWDQW KHQFH WKH SHUFHQWDJH GLmHUHQFH LQFUHDVHV GUDPDWLFDOO\ 7KLV UDSLG LQFUHDVH LQ WKH
SHUFHQWDJH GLmHUHQFH LV DUUHVWHG DW WKH SRLQW WKDW ERWK W\SHV FKRRVH WR DSSO\ WR VDPH MRE ,W WKHQ EHJLQV WR
VORZO\ GHFUHDVH EHFDXVH WKH FXUYH LV SHUFHQW RI WKH W\SH O H[SHFWHG ZDJH ,W EHJLQV WR GHFUHDVH UDSLGO\ RQFH
TXDOLW\ LV LQFUHDVHG WR WKH SRLQW WKDW WKH K W\SH LV FHUWDLQ RI JHWWLQJ WKH MRE DQG UHWXUQV WR ]HUR RQFH ERWK
W\SHV DUH FHUWDLQ RI JHWWLQJ WKH MRE
￿￿7KLV PD[LPXP RFFXUV LQ WKH ORZHVW SDLG MRE ZKHUH WKH UDWLR RI WKH ZDJH WR WKH ZDJH RI WKH QH[W EHVW
MRE LV ODUJH DQG VR WKHUH DUH IHZ TXDOLW\ OHYHOV LQ ZKLFK HPSOR\HHV UHYHDO WKHLU PDUJLQDO SURGXFW E\ FKRRVLQJ
)LJXUH  3HUFHQWDJH 'LmHUHQFH LQ ([SHFWHG :DJHV LQ WKH (FRQRP\ ZLWK 'LmHU
HQW 4XDOLW\ 'LVWULEXWLRQV EXW ,GHQWLFDO 6LJQDO 1RLVH
7KH H[SHFWHG ZDJH RI DQ DJHQW RI TXDOLW\ T LV WKH SUREDELOLW\ RI JHWWLQJ WKH MRE WKLV DJHQW FKRRVHV
WR DSSO\ IRU PXOWLSOLHG E\ WKH ZDJH RmHUHG IRU WKLV MRE 7KH SHUFHQWDJH GLmHUHQFH EHWZHHQ WKH
H[SHFWHG ZDJH RI WZR DJHQWV RI WKH VDPH TXDOLW\ LV WKHQ GHnQHG WR EH WKH H[SHFWHG ZDJH RI WKH
DJHQW RI W\SH K PLQXV WKH H[SHFWHG ZDJH RI WKH DJHQW RI W\SH O GLYLGHG E\ WKH H[SHFWHG ZDJH RI WKH
DJHQW RI W\SH O LH
(K>ZMT@b(O>ZMT@
(O>ZMT@  H[SUHVVHG LQ SHUFHQWDJH WHUPV 7KH GDUN FXUYH LV HFRQRP\ ZLWK
QRUPDOO\ GLVWULEXWHG DJHQWV DQG WKH OLJKW FXUYH LV WKH HFRQRP\ ZLWK &DXFK\ GLVWULEXWHG DJHQWV









7DEOH  7KH (TXLOLEULXP LQ WKH (FRQRP\ ZLWK ,GHQWLFDO 1RUPDO $JHQWV ZLWK
'LmHULQJ 6LJQDO 1RLVH
4XDOLW\ PDUJLQDO SURGXFW LV GLVWULEXWHG 1RUPDO>@ IRU DJHQWV RI ERWK W\SHV $JHQW
V RI W\SH
O KDYH VPDOOHU VLJQDO QRLVH LH cO   DQG cK    7KH IUDFWLRQ RI HPSOR\HHV HPSOR\HG Q
WKH RmHUHG ZDJH RU PLQLPDO H[SHFWHG PDUJLQDO SURGXFW Z WKH HTXLOLEULXP FULWLFDO VLJQDO Ve
K DQG
Ve
O  WKH XSSHU ERXQG RQ TXDOLW\ x TK DQG x TK DQG WKH IUDFWLRQ RI HDFK W\SH HPSOR\HG LQ HDFK VHFWRU
QK DQG QO DUH OLVWHG EHORZ 7KH nQDO WZR URZV (K>ZML@ DQG (O>ZML@ DUH WKH H[SHFWHG ZDJH RI
DOO HPSOR\HHV RI D SDUWLFXODU W\SH ZKR FKRRVH WR DSSO\ LQ WKH LWK VHFWRU 7KH RYHUDOO IUDFWLRQ RI
HPSOR\HHV HPSOR\HG Q DQG WKH IUDFWLRQ E\ W\SH QK DQG QO DUH OLVWHG LQ SHUFHQW 7KH nQDO FROXPQ
FRQWDLQV WKHVH YDOXHV IRU WKH UHVHUYDWLRQ MRE LQ WKH HFRQRP\
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$ QRWDEOH GLmHUHQFH EHWZHHQ WKLV HTXLOLEULXP DQG WKH SUHYLRXV RQH LV WKDW ZKLOH WKH
PDJQLWXGH RI WKH GLVFULPLQDWLRQ LV PXFK ODUJHU LQ WKLV HTXLOLEULXP WKHUH LV DOPRVW QR
GLmHUHQFH LQ DYHUDJH ZDJHV 7KH DYHUDJH ZDJH RI ERWK W\SHV LV DOPRVW H[DFWO\  7KH
U H D V R QI R UW K L VL VW K D WT X D O L W \L QE R W KW \ S H VL VL G H Q W L F D O O \G L V W U L E X W H G  7 K L VR E V H U Y D W L R Q
HPSKDVL]HV WKH IDFW WKDW DYHUDJH ZDJH GLmHUHQFHV DUH D PHDVXUH RI TXDOLW\ GLmHUHQFHV LQ WKH
HFRQRP\ QRW D PHDVXUH RI WKH DPRXQW RI HFRQRPLF GLVFULPLQDWLRQ
)LQDOO\ FRQVLGHU WKH FDVH LQ ZKLFK JURXS K TXDOLW\ LV GLVWULEXWHG 1RUPDO>@ ZLWK
cK    DQG JURXS O TXDOLW\ LV GLVWULEXWHG 1RUPDO>@ ZLWK cO    VR W\SH K
DJHQWV KLJKHU DYHUDJH TXDOLW\ DV ZHOO DV ORZHU VLJQDO QRLVH %\ FRPSDULQJ WKH IRXUWK URZ
RI 7DEOH  WR WKH IRXUWK URZ RI 7DEOH  ZH FDQ JHW VRPH LGHD RI UHODWLYH LPSRUWDQFH RI WKH
XQGHUO\LQJ IDFWRUV WKDW GULYH WKH GLVFULPLQDWLRQ DOEHLW LQ D VOLJKWO\ GLmHUHQW HFRQRP\ LQ
ZKLFK WKH VXSSO\ RI MREV LV JLYHQ E\ WKH VXP RI QK LQ 7DEOH  DQG QO LQ 7DEOH  ,W LV FOHDU
GLmHUHQFHV LQ VLJQDO QRLVH DUH D PXFK PRUH LPSRUWDQW IDFWRU WKDQ GLmHUHQFHV LQ TXDOLW\
)RU H[DPSOH LQ VXFK DQ HFRQRP\ JURXS K DJHQWV DUH V\VWHPDWLFDOO\ OHJDOO\ GLVFULPLQDWHG
DJDLQVW _ WKH GLmHUHQFHV LQ TXDOLW\ DUH VZDPSHG E\ WKH GLmHUHQFHV LQ VLJQDO QRLVH $V
LQ WKH XQLIRUP H[DPSOH WKH JURXS WKDW ERWK LV EHWWHU TXDOLnHG RQ DYHUDJH DQG KDV ORZHU
PHDVXUHPHQW HUURU ZLOO VXmHU IURP V\VWHPDWLF OHJDO GLVFULPLQDWLRQ )XUWKHUPRUH IURP
)LJXUH  GHVSLWH WKH V\VWHPDWLF OHJDO GLVFULPLQDWLRQ V\VWHPDWLF HFRQRPLF GLVFULPLQDWLRQ
GRHV QRW UHVXOW DQG WKH PDJQLWXGH RI WKLV GLVFULPLQDWLRQ LV RI WKH VDPH RUGHU DV WKH FDVH
ZKHQ TXDOLW\ ZDV LGHQWLFDOO\ GLVWULEXWHG DFURVV WKH WZR W\SHV
 &DVH ,,, &DXFK\ 'LVWULEXWHG $JHQWV
,Q WKLV VXEVHFWLRQ ZH ZLOO FRQVLGHU DQ LGHQWLFDO MRE PDUNHW WR 6XEVHFWLRQ  H[FHSW WKDW
QRZ DJHQW
V TXDOLWLHV DUH DVVXPHG WR EH GLVWULEXWHG XQGHU D &DXFK\ GLVWULEXWLRQ WKDW LV
ZH DVVXPH WKDW
)O s &DXFK\>@ DQG )K s &DXFK\>@
ZKHUH &DXFK\>DE@ LV D &DXFK\ GLVWULEXWLRQ IXQFWLRQ ZLWK ORFDWLRQ SDUDPHWHU D DQG VFDOH
SDUDPHWHU E 7KHVH WZR GLVWULEXWLRQV DUH SORWWHG DV WKH OLJKW FXUYHV LQ )LJXUH  3DQHO $
$JHQWV RI W\SH K DUH WKHUHIRUH ?EHWWHU LQ WHUPV RI WKH IDFW WKDW )K VWRFKDVWLFDOO\ GRPLQDWHV
)O 1HYHUWKHOHVV DV )LJXUH  3DQHO % GHPRQVWUDWHV WKH UHFRJQL]H UDWLR LV QRW PRQRWRQH
RYHU DOO MRE VHFWRUV $V D UHVXOW WKH GLUHFWLRQ RI WKH GLVFULPLQDWLRQ LQ HTXLOLEULXP ZLOO QRW
DOZD\V IDYRU RQH W\SH 7\SH O DJHQWV ZLOO EHQHnW IURP WKH GLVFULPLQDWLRQ LQ WKH EHVW DQG
WKH ZRUVW VHFWRUV
WR DSSO\ IRU D MRE WKDW WKH\ DUH FHUWDLQ WR JHW
)LJXUH  3HUFHQWDJH 'LmHUHQFH LQ ([SHFWHG :DJHV LQ WKH (FRQRP\ ZLWK ,GHQ
WLFDO 4XDOLW\ 'LVWULEXWLRQV EXW 'LmHULQJ 6LJQDO 1RLVH
7KH H[SHFWHG ZDJH RI DQ DJHQW RI TXDOLW\ T LV WKH SUREDELOLW\ RI JHWWLQJ WKH MRE WKLV DJHQW FKRRVHV
WR DSSO\ IRU PXOWLSOLHG E\ WKH ZDJH RmHUHG IRU WKLV MRE 7KH SHUFHQWDJH GLmHUHQFH EHWZHHQ WKH
H[SHFWHG ZDJH RI WZR DJHQWV RI WKH VDPH TXDOLW\ LV WKHQ GHnQHG WR EH WKH H[SHFWHG ZDJH RI WKH
DJHQW RI W\SH K PLQXV WKH H[SHFWHG ZDJH RI WKH DJHQW RI W\SH O GLYLGHG E\ WKH H[SHFWHG ZDJH RI WKH
DJHQW RI W\SH O LH
(K>ZMT@b(O>ZMT@
(O>ZMT@  H[SUHVVHG LQ SHUFHQWDJH WHUPV 7KH GDUN FXUYH LV HFRQRP\ ZLWK
QRUPDOO\ GLVWULEXWHG DJHQWV DQG WKH OLJKW FXUYH LV WKH HFRQRP\ ZLWK &DXFK\ GLVWULEXWHG DJHQWV










































































IRU DJHQWV RI W\SH K 7KH VROXWLRQ WR WKHVH WZR HTXDWLRQV DQG HTXDWLRQ  SURYLGHV WKH
HTXLOLEULXP Ve
WL DQG TW
L IRU HDFK W\SH W DQG MRE L LQ WKH HFRQRP\ QL LV WKHQ VHW E\ VROYLQJ

7DEOH  (TXLOLEULXP LQ WKH (FRQRP\ ZLWK &DXFK\ $JHQWV ZLWK ,GHQWLFDO 6LJQDO
1RLVH
4XDOLW\ PDUJLQDO SURGXFW LV GLVWULEXWHG &DXFK\>@ IRU DJHQWV RI W\SH O &DXFK\>@ IRU DJHQWV
RI W\SH K DQG cK  c O    7KH IUDFWLRQ RI HPSOR\HHV HPSOR\HG Q WKH RmHUHG ZDJH RU PLQLPDO
H[SHFWHG PDUJLQDO SURGXFW Z WKH HTXLOLEULXP FULWLFDO VLJQDO Ve
K DQG Ve
O  WKH XSSHU ERXQG RQ
TXDOLW\ x TK DQG x TK DQG WKH IUDFWLRQ RI HDFK W\SH HPSOR\HG LQ HDFK VHFWRU QK DQG QO DUH OLVWHG
EHORZ 7KH nQDO WZR URZV (K>ZML@D Q G(O>ZML@ DUH WKH H[SHFWHG ZDJH RI DOO HPSOR\HHV RI D SDUWLFXODU
W\SH ZKR FKRRVH WR DSSO\ LQ WKH LWK VHFWRU 7KH RYHUDOO IUDFWLRQ RI HPSOR\HHV HPSOR\HG Q DQG WKH
IUDFWLRQ E\ W\SH QK DQG QO DUH OLVWHG LQ SHUFHQW 7KH nQDO FROXPQ FRQWDLQV WKHVH YDOXHV IRU WKH
UHVHUYDWLRQ MRE LQ WKH HFRQRP\
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7KH HTXLOLEULXP IRU WKH HFRQRP\ ZKHQ cK  c O    LV VKRZQ LQ 7DEOH  2QH
LPSRUWDQW GLmHUHQFH EHWZHHQ WKLV FDVH DQG WKH 1RUPDO FDVH LV WKDW GXH WR WKH IDW WDLOV RI
WKH &DXFK\ GLVWULEXWLRQ D PXFK JUHDWHU IUDFWLRQ RI HPSOR\HHV DUH HPSOR\HG LQ WKH EHVW
VHFWRU DQG UHVHUYDWLRQ MRE WKDQ LQ WKH SUHYLRXV FDVH &RQVLGHULQJ WKDW WKH GLmHUHQFH LQ
ORFDWLRQ SDUDPHWHUV LV  LW LV VRPHZKDW VXUSULVLQJ WKDW LQ QR FDVH GRHV WKH GLmHUHQFH LQ WKH
FULWLFDO VLJQDO H[FHHG  $V D UHVXOW WKH HFRQRPLF GLVFULPLQDWLRQ LV PLQLPDO )LJXUH 
GDUN FXUYHV 7KH GLmHUHQFH LQ H[SHFWHG ZDJHV H[SUHVVHG DV D SHUFHQWDJH RI WKH H[SHFWHG
ZDJH RI WKH DJHQW RI W\SH O LV SORWWHG DV WKH OLJKWHU FXUYH LQ )LJXUH  7KLV GLmHUHQFH QHYHU
H[FHHGV  7KH GLmHUHQFH LQ WKH DYHUDJH ZDJH RI HPSOR\HHV WKDW DSSO\ WR D SDUWLFXODU
VHFWRU QHYHU H[FHHGV  7KHUH LV YLUWXDOO\ QR GLVFULPLQDWLRQ LQ WKLV HFRQRP\ HYHQ WKRXJK
DYHUDJH ZDJHV GLmHU E\  _ W\SH K O DJHQWV PDNH   RQ DYHUDJH $QRWKHU
PHDVXUH WKDW LV FRPPRQO\ XVHG DV D EDURPHWHU RI GLVFULPLQDWLRQ LQ WKH HFRQRP\ LV WKH UDWLR
RI HDFK W\SH ZRUNLQJ LQ D VHFWRU 6R LQ WKLV FDVH HYHQ WKRXJK ERWK W\SHV PDNH XS DQ HTXDO
IUDFWLRQ LQ WKH HFRQRP\ W\SH K H P S O R \ H H VD U HP R U HW K D QW Z L F HD VQ X P H U R X VL QW K Hn I W K
VHFWRU ZKLOH RQO\ KDOI DV QXPHURXV LQ WKH VHYHQWK VHFWRU :KDW WKH H[DPSOH HPSKDVL]HV LV
WKDW WKHVH GLmHUHQFHV DUH QRW GULYHQ E\ GLVFULPLQDWRU\ SROLFLHV EXW UDWKHU E\ WKH IDFW WKDW
TXDOLW\ LV GLVWULEXWHG GLmHUHQWO\ IRU WKH WZR W\SHV
)LJXUH  ([SHFWHG :DJHV LQ WKH (FRQRP\ ZLWK &DXFK\ $JHQWV
7KH H[SHFWHG ZDJH RI DQ DJHQW RI TXDOLW\ T LV WKH SUREDELOLW\ RI JHWWLQJ WKH MRE WKLV DJHQW FKRRVHV
WR DSSO\ IRU PXOWLSOLHG E\ WKH ZDJH RmHUHG IRU WKLV MRE 7KH GDUN FXUYH LV WKH H[SHFWHG ZDJH RI ERWK
W\SHV RI DJHQWV LQ WKH HFRQRP\ ZLWK GLmHUHQW TXDOLW\ GLVWULEXWLRQV EXW WKH VDPH VLJQDO QRLVH LH
cK  c O    7KH OLJKW FXUYH LV WKH H[SHFWHG ZDJH RI DQ DJHQW RI W\SH K ZKHQ cK    7KH
YHUWLFDO JUD\ OLQHV PDUN WKH RmHUHG ZDJH RU PLQLPDO H[SHFWHG PDUJLQDO SURGXFW IRU HDFK UHVSHFWLYH
MRE







7KH SULQFLSOH TXDOLWDWLYH GLmHUHQFH EHWZHHQ WKLV H[DPSOH DQG WKH 1RUPDO H[DPSOH LV
WKDW WKH GLUHFWLRQ RI WKH HFRQRPLF GLVFULPLQDWLRQ LV GLmHUHQW ZLWKLQ WKH UDQJH RI MREV RmHUHG
LQ WKH HFRQRP\ VHH IRU LQVWDQFH )LJXUH  ,Q WKH QRUPDO FDVH W\SH O ZRUNHUV DUH IDYRUHG
LQ WKH EHWWHU VHFWRUV ZKLOH LQ WKH &DXFK\ FDVH WKH\ DUH IDYRUHG LQ WKH H[WUHPH VHFWRUV LH
WKH YHU\ KLJKO\ SDLG DQG YHU\ ORZO\ SDLG VHFWRUV 7KH SULQFLSDO TXDQWDWLWLYH GLmHUHQFH LV
WKDW WKH PDJQLWXGH RI WKH GLVFULPLQDWLRQ LQ WKH &DXFK\ FDVH LV VLJQLnFDQWO\ ORZHU WKDQ WKH
1RUPDO FDVH VHH IRU H[DPSOH )LJXUH 
7DEOH  (TXLOLEULXP LQ WKH (FRQRP\ ZLWK ,GHQWLFDO &DXFK\ $JHQWV ZLWK 'LmHU
LQJ 6LJQDO 1RLVH
4XDOLW\ PDUJLQDO SURGXFW LV GLVWULEXWHG &DXFK\>@ IRU ERWK W\SHV RI DJHQWV $JHQWV RI W\SH K
KDYH KLJKHU VLJQDO QRLVH WKDQ DJHQWV RI W\SH Oc K    DQG cO    7KH IUDFWLRQ RI HPSOR\HHV
HPSOR\HG Q WKH RmHUHG ZDJH RU PLQLPDO H[SHFWHG PDUJLQDO SURGXFW Z WKH HTXLOLEULXP FULWLFDO
VLJQDO Ve
K DQG Ve
O  WKH XSSHU ERXQG RQ TXDOLW\ x TK DQG x TK DQG WKH IUDFWLRQ RI HDFK W\SH HPSOR\HG LQ
HDFK VHFWRU QK DQG QO DUH OLVWHG EHORZ 7KH nQDO WZR URZV (K>ZML@D Q G(O>ZML@ DUH WKH H[SHFWHG
ZDJH RI DOO HPSOR\HHV RI D SDUWLFXODU W\SH ZKR FKRRVH WR DSSO\ LQ WKH LWK VHFWRU 7KH RYHUDOO IUDFWLRQ
RI HPSOR\HHV HPSOR\HG Q DQG WKH IUDFWLRQ E\ W\SH QK DQG QO DUH OLVWHG LQ SHUFHQW 7KH nQDO
FROXPQ FRQWDLQV WKHVH YDOXHV IRU WKH UHVHUYDWLRQ MRE LQ WKH HFRQRP\
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7KH HmHFW RI DOORZLQJ WKH VLJQDO QRLVH GLVWULEXWLRQ WR EH D IXQFWLRQ RI W\SH LV DOPRVW
LGHQWLFDO WR WKDW RI WKH HFRQRP\ ZLWK QRUPDO DJHQWV 7DEOH  VKRZV WKH HTXLOLEULXP RI DQ
HFRQRP\ LQ ZKLFK TXDOLW\ LV GLVWULEXWHG LGHQWLFDOO\ LQ WKH WZR JURXSV &DXFK\>@ EXW
cK    DQG cO    7KH GLmHUHQFH LQ WKH FULWLFDO VLJQDOV H[SHFWHG ZDJHV )LJXUH
 WKH SHUFHQWDJH GLmHUHQFH LQ WKH H[SHFWHG ZDJHV )LJXUH  DQG WKH DYHUDJH ZDJH RI
HPSOR\HHV ZKR DSSO\ WR D SDUWLFXODU VHFWRU ORRN PXFK OLNH WKH QRUPDO HFRQRP\ ZKHQ WKH
VLJQDO QRLVH GLmHUV /LNH WKH 1RUPDO HFRQRP\ DYHUDJH ZDJHV DUH DOPRVW LGHQWLFDO DW 
,Q FRQWUDFW WR WKH FDVH ZLWK LGHQWLFDO VLJQDO QRLVH LQ HYHU\ VHFWRU WKH UDWLR RI HDFK W\SH
ZRUNLQJ LQ D VHFWRU LV YHU\ FORVH WR WKH SRSXODWLRQ UDWLR )LQDOO\ OLNH WKH XQLIRUP DQG
QRUPDO H[DPSOHV LI WKH JURXS ZLWK WKH EHWWHU TXDOLW\ GLVWULEXWLRQ LV DOVR HQGRZHG ZLWK WKH
ORZHU VLJQDO QRLVH WKHQ PHPEHUV RI WKLV JURXS ZLOO E\ V\VWHPDWLFDOO\ OHJDOO\ GLVFULPLQDWHG
DJDLQVW
 (PSLULFDO ,PSOLFDWLRQV
,Q WKLV VHFWLRQ ZH XVH WKH UHVXOWV RI WZR VWXGLHV .XKQ  DQG 1HDO DQG -RKQVRQ 
WR H[SORUH WKH HPSLULFDO LPSOLFDWLRQV RI RXU PRGHO 7KHVH WZR VWXGLHV DUH FKRVHQ IRU D
QXPEHU RI UHDVRQV )LUVWO\ WRJHWKHU WKH\ VSDQ WKH WZR PDLQ VRXUFHV RI GLVFULPLQDWLRQ _
UDFH DQG JHQGHU 6HFRQGO\ ERWK VWXGLHV XVH GDWD IURP WLPH SHULRG ZHOO DIWHU WKH SDVVDJH
RI WKH FLYLO ULJKWV OHJLVODWLRQ LQ WKH HDUO\ VL[WLHV ZKHQ WDVWHV ZHUH WKH PRUH OLNHO\ FDXVH RI
GLVFULPLQDWRU\ SUDFWLFHV 7KLUGO\ 1HDO DQG -RKQVRQ  PDNH D SHUVXDVLYH FDVH WKDW
WKH\ DUH DEOH WR DFFXUDWHO\ PHDVXUH ZRUNHU VNLOO OHYHO ?TXDOLW\ LQ RXU WHUPLQRORJ\ ZKLOH
.XKQ  LQFOXGHV D PHDVXUH RI SHUFHLYHG GLVFULPLQDWLRQ 7KXV WKH IRUPHU VWXG\ DOORZV D
WHVW RI HFRQRPLF GLVFULPLQDWLRQ ZKLOH WKH ODWWHU DOORZV D WHVW RI OHJDO GLVFULPLQDWLRQ )LQDOO\
ERWK VWXGLHV GRFXPHQW SX]]OHV ZKLFK ZH DUJXH RXU PRGHO PLJKW KHOS WR H[SODLQ
 (FRQRPLF 'LVFULPLQDWLRQ
1HDO DQG -RKQVRQ  XVH D GDWD VHW RI ZRUNHUV IRU ZKLFK WKH\ SHUVXDVLYHO\ DUJXH WKH\
FDQ PHDVXUH ERWK ZRUNHUV
 VNLOO OHYHOV XSRQ HQWHULQJ WKH ODERU IRUFH KHUHDIWHU ?TXDOLW\ DQG
WKHLU VXEVHTXHQW ZDJHV 7KH\ XVH DV WKH PHDVXUH RI TXDOLW\ WKH $UPHG 6HUYLFHV 9RFDWLRQDO
$SWLWXGH %DWWHU\ $69$% ZKLFK LV DGPLQLVWHUHG WR \RXWKV LQ WKHLU VDPSOH LQ  ZKHQ
WKHLU DJHV UDQJHG EHWZHHQ  DQG  7KH\ XVH WKH 1DWLRQDO /RQJLWXGLQDO 6XUYH\V RI <RXWK
1/6< WR PHDVXUH WKH ZKDW WKHVH \RXWKV DFWXDOO\ HDUQHG EHWZHHQ WHQ DQG HOHYHQ \HDUV
ODWHU
1HDO DQG -RKQVRQ  nQG ODUJH DYHUDJH TXDOLW\ GLmHUHQFHV EHWZHHQ WKH WKUHH UDFH
JURXSV WKH\ VWXG\ %ODFNV :KLWHV DQG +LVSDQLFV )RU PDOHV WKHUH LV RQH VWDQGDUG GHYLD
WLRQ EHWZHHQ :KLWHV DQG %ODFNV DQG  VWDQGDUG GHYLDWLRQV EHWZHHQ :KLWHV DQG +LVSDQLFV
)RU IHPDOHV WKHVH GLmHUHQFHV DUH DSSUR[LPDWHO\ WKH VDPH 7KLV TXDOLW\ GLmHUHQFH LV UHoHFWHG
LQ DYHUDJH ZDJHV _ HTXDOO\ ODUJH GLmHUHQFHV EHWZHHQ WKH UDFH JURXSV H[LVW WKHUH DV ZHOO
+RZHYHU RQFH TXDOLW\ LV FRQWUROOHG IRU WKHVH ZDJH GLmHUHQFHV HVVHQWLDOO\ GLVDSSHDU 7KH
RQO\ UDFHVH[ JURXS RI ORZHU DYHUDJH TXDOLW\ WKDW VXmHUV HFRQRPLF GLVFULPLQDWLRQ ZDJH GLI
IHUHQFHV HYHQ DIWHU TXDOLW\ LV FRQWUROOHG IRU DUH %ODFN PHQ ZKHQ FRPSDUHG WR :KLWH PHQ
(YHQ KHUH WKH UHVXOWLQJ ZDJH GLmHUHQFHV DUH VPDOO UHODWLYH WR WKH RYHUDOO TXDOLW\ GLmHUHQFHV
DV PHDVXUHG E\ GLmHUHQFHV LQ DYHUDJH ZDJHV 3HUKDSV HYHQ PRUH LQWHUHVWLQJ LV WKDW LQ D
QXPEHU RI FDVHV WKHUH LV HYLGHQFH WKDW JURXSV RI ORZHU DYHUDJH TXDOLW\ DFWXDOO\ HDUQ KLJKHU
ZDJHV ZKHQ TXDOLW\ LV FRQWUROOHG IRU ,Q SDUWLFXODU +LVSDQLF ZRPHQ ZKRVH DYHUDJH TXDO
LW\ LV  VWDQGDUG GHYLDWLRQV EHORZ :KLWH ZRPHQ DFWXDOO\ EHQHnW HFRQRPLFDOO\ _ WKHLU
ZDJHV DUH VWDWLVWLFDOO\ VLJQLnFDQWO\ JUHDWHU WKDQ :KLWH ZRPHQ RI WKH VDPH TXDOLW\
7KH UHVXOWV RI WKLV VWXG\ SUHVHQW D QXPEHU RI HPSLULFDO SX]]OHV ZKHQ YLHZHG IURP WKH
SHUVSHFWLYH RI WKH OLWHUDWXUH RQ VWDWLVWLFDO GLVFULPLQDWLRQ )LUVWO\ VLQFH ODUJH GLmHUHQFHV LQ
TXDOLW\ GR H[LVW RQH ZRXOG H[SHFW EDVHG RQ WKH WUDGLWLRQDO WKHRU\ RI VWDWLVWLFDO GLVFULP
LQDWLRQ WKDW WKH VWDWLVWLFDO LQIHUHQFHV HPSOR\HUV GUDZ XVLQJ WKLV IDFW ZRXOG UHVXOW LQ UDFH
GLVFULPLQDWLRQ <HW WDNHQ WRJHWKHU 1HDO DQG -RKQVRQ  nQG QR FRPSHOOLQJ HYLGHQFH
RI WKLV NLQG RI VWDWLVWLFDO GLVFULPLQDWLRQ 6HFRQGO\ LQ VRPH FDVHV WKH\ nQG WKDW WKH JURXS
ZLWK WKH ORZHU DYHUDJH TXDOLW\ EHQHnWV HFRQRPLFDOO\ VRPHWKLQJ WKDW WKH DXWKRUV WKHPVHOYHV
UHDGLO\ DGPLW GHnHV D JRRG H[SODQDWLRQ
7DEOH  7KHRUHWLFDO 9DOXH RI 5HJUHVVLRQ &RHpFLHQWV 7KH nUVW IRXU FROXPQV JLYH WKH
GHWDLOV RI WKH GLVWULEXWLRQ RI TXDOLW\ DQG VLJQDO QRLVH RI HDFK W\SH LQ WKH HFRQRP\ 1>x}@
LV D 1RUPDO GLVWULEXWLRQ ZLWK PHDQ x DQG VWDQGDUG GHYLDWLRQ } 7KH nIWK FROXPQ JLYHV WKH
WKHRUHWLFDO FRHpFLHQW LQ WKH WUXH SRSXODWLRQ RI D XQLYDULDWH UHJUHVVLRQ RI H[SHFWHG ZDJHV
RQ D GXPP\ YDULDEOH IRU W\SH O 7KH ODVW WZR FROXPQV DUH WKHVH FRHpFLHQWV IRU D PXOWLSOH
UHJUHVVLRQ RI H[SHFWHG ZDJHV RQ TXDOLW\ DQG WKH W\SH O GXPP\
4XDOLW\ 'LVWULEXWLRQ 6LJQDO 1RLVH 8QLYDULDWH 0XOWLYDULDWH
IK IO cK cO 7\SH O 4XDOLW\ 7\SH O
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7R HYDOXDWH ZKHWKHU WKH nQGLQJV LQ 1HDO DQG -RKQVRQ  DUH FRQVLVWHQW ZLWK RXU
PRGHO ZH FDOFXODWH ZKDW WKH WKHRUHWLFDO UHJUHVVLRQ FRHpFLHQWV DUH LQ RXU PRGHO IRU WKH
WHVWV 1HDO DQG -RKQVRQ  SHUIRUPHG 7KH UHJUHVVLRQ FRHpFLHQWV IRU &DVH ,, LQ WKH
SUHYLRXV VHFWLRQ FDQ EH IRXQG LQ 7DEOH ￿￿ 7KH nUVW IRXU FROXPQV JLYH WKH GHWDLOV RI WKH
GLVWULEXWLRQ RI TXDOLW\ DQG VLJQDO QRLVH 7KH nIWK FROXPQ JLYHV WKH UHVXOW RI D XQLYDULDWH
UHJUHVVLRQ RI H[SHFWHG ZDJHV RQ D GXPP\ YDULDEOH IRU W\SH O￿￿ 7KH ODVW WZR FROXPQV DUH
WKH FRHpFLHQWV RI D PXOWLSOH UHJUHVVLRQ RQ TXDOLW\ DQG WKH W\SH O GXPP\ ,Q DOO FDVHV
LQFOXGLQJ TXDOLW\ LQ WKH UHJUHVVLRQ UHGXFHV WKH PDJQLWXGH RI WKH FRHpFLHQW RQ WKH W\SH O
G X P P \Y D U L D E O HW RW K HS R L Q WW K D WL WL VY H U \F O R V HW R] H U R & R Q V L V W H Q WZ L W KZ K D W1 H D OD Q G
-RKQVRQ  IRXQG WKH HFRQRPLF GLVFULPLQDWLRQ DV PHDVXUHG E\ WKLV YDULDEOH LV VR VPDOO
LW LV GLpFXOW WR GHWHFW
￿￿7KH UHJUHVVLRQ FRHpFLHQWV GR QRW H[LVW IRU &DVH ,,, EHFDXVH nUVW DQG VHFRQG PRPHQWV RI D &DXFK\
GLVWULEXWLRQ GR QRW H[LVW
￿￿5HFDOO WKDW E\ WKH UDWLRQDO H[SHFWDWLRQV K\SRWKHVLV WKH DYHUDJH ZDJH IRU D JLYHQ TXDOLW\ OHYHO PXVW DOVR
EH WKH H[SHFWHG ZDJH IRU D JLYHQ OHYHO RI TXDOLW\
7KH nUVW OLQH LV WKH FDVH ZKHQ WKH WZR W\SHV KDYH GLmHUHQW TXDOLW\ GLVWULEXWLRQV EXW WKH
VDPH VLJQDO QRLVH DQG LV FRQVLVWHQW ZLWK ZKDW 1HDO DQG -RKQVRQ  IRXQG LQ WKH FDVH
RI %ODFN DQG :KLWH PDOHV 7KH XQLYDULDWH UHJUHVVLRQ RI DYHUDJH ZDJHV RQ D GXPP\ IRU
W\SH O SURGXFHV D ODUJH QHJDWLYH FRHpFLHQW UHoHFWLQJ WKH ODUJH TXDOLW\ GLmHUHQFHV :KHQ
TXDOLW\ LV LQFOXGHG LQ D PXOWLSOH UHJUHVVLRQ WKH PDJQLWXGH RI WKLV FRHpFLHQW GURSV GUDPDW
LFDOO\ DOWKRXJK LW UHPDLQV QHJDWLYH UHoHFWLQJ WKH IDFW WKDW W\SH O DJHQWV DUH RQ DYHUDJH
GLVFULPLQDWHG DJDLQVW
7KH VHFRQG OLQH RI 7DEOH  LQGLFDWHV ZKDW ZRXOG UHVXOW LI WKH VDPH UHJUHVVLRQV ZHUH UXQ
LQ WKH HFRQRP\ ZHUH WKH W\SHV GLmHU LQ WKHLU VLJQDO QRLVH EXW WKH TXDOLW\ GLVWULEXWLRQV DUH
LGHQWLFDO 7KHUH DUH WZR LQWHUHVWLQJ IHDWXUHV )LUVW VLQFH TXDOLW\ LV LGHQWLFDOO\ GLVWULEXWHG
EHWZHHQ WKH WZR W\SHV FRQWUROOLQJ IRU TXDOLW\ GRHV QRW FKDQJH WKH UHJUHVVLRQ FRHpFLHQW
6HFRQGO\ WKH FRHpFLHQW LV SRVLWLYH WKDW LV WKH DYHUDJH ZDJH RI W\SH O DJHQWV H[FHHGV W\SH
K DJHQWV HYHQ WKRXJK W\SH O DJHQWV DUH V\VWHPDWLFDOO\ OHJDOO\ GLVFULPLQDWHG DJDLQVW
%HFDXVH RI WKH UHODWLYHO\ ODUJH PDJQLWXGH RI WKH OHJDO GLVFULPLQDWLRQ WKDW UHVXOWV IURP
GLmHUHQFHV LQ VLJQDO QRLVH WKH TXDOLW\ GLVWULEXWLRQV FDQ EH FKDQJHG ZLWKRXW DmHFWLQJ WKH
VLJQ RI WKLV FRHpFLHQW  7KH WKLUG URZ RI 7DEOH  VKRZV WKLV 7\SH O DJHQWV KDYH ORZHU
DYHUDJH TXDOLW\ DQG KLJKHU VLJQDO QRLVH :H GHPRQVWUDWHG LQ WKH SUHYLRXV VHFWLRQ WKDW
LQ WKLV FDVH V\VWHPDWLF OHJDO GLVFULPLQDWLRQ LQ IDYRU RI W\SH O DJHQWV <HW WKH UHJUHVVLRQ
VKRZV WKDW RQ DYHUDJH W\SH O DJHQWV DUH HFRQRPLFDOO\ GLVFULPLQDWHG DJDLQVW ORZHU TXDOLW\
DGMXVWHG ZDJHV
$Q LQWHUHVWLQJ IHDWXUH RI WKH 1HDO DQG -RKQVRQ  VWXG\ LV WKDW WKH FRQGLWLRQV LQ
3URSRVLWLRQ  DSSHDU WR EH VDWLVnHG IRU WKH FRPSDULVRQ RI DOO UDFH JURXSV WR :KLWHV IRU
HDFK VH[￿￿ 7KXV LI TXDOLW\ GLmHUHQFHV ZHUH WKH RQO\ IDFWRU DQ\ HFRQRPLF GLVFULPLQDWLRQ
WKDW LV GHWHFWHG VKRXOG EH V\VWHPDWLF DQG IDYRU WKH EHWWHU TXDOLnHG JURXS $OWKRXJK WKLV
IDFWRU PLJKW H[SODLQ WKH VPDOO HFRQRPLF GLVFULPLQDWLRQ DJDLQVW %ODFN PHQ UHODWLYH WR :KLWH
PHQ LW LV LQFRQVLVWHQW ZLWK WKH HFRQRPLF GLVFULPLQDWLRQ WKDW IDYRUV +LVSDQLF PHQ UHODWLYH
W R: K L W HP H QD Q GE R W K+ L V S D Q L FZ R P H QD Q G% O D F NZ R P H QU H O D W L Y HW R: K L W HZ R P H Q : K D W
WKHVH UHVXOWV LPSO\ LV WKDW WR EH FRQVLVWHQW ZLWK RXU PRGHO WKH JURXSV ZLWK ORZHU DYHUDJH
TXDOLW\ PXVW DOVR EH OHVV IDPLOLDU $V ZH VKRZ H[SOLFLWO\ LQ WKH ODVW OLQH RI 7DEOH  LW LV
SRVVLEOH LQ RXU PRGHO IRU WKH ORZHU DYHUDJH TXDOLW\OHVV IDPLOLDU JURXS WR KDYH ORZHU DYHUDJH
ZDJHV DQG \HW KDYH KLJKHU TXDOLW\ DGMXVWHG ZDJHV SRVLWLYH PXOWLSOH UHJUHVVLRQ FRHpFLHQW
RQ WKH W\SH GXPP\
￿￿7KH FRQGLWLRQ LV VDWLVnHG IRU WKH TXDOLW\ KLVWRJUDPV )LJXUHV  DQG  LQ WKDW SDSHU DQG LV DOVR VDWLVnHG
LI WKH GLVWULEXWLRQ LV DVVXPHG WR EH QRUPDO ZLWK WKH PHDQV DQG YDULDQFHV UHSRUWHG LQ 7DEOH $ RI WKDW SDSHU
 /HJDO 'LVFULPLQDWLRQ
)URP RXU SHUVSHFWLYH WKH PDMRU DGYDQWDJH RI WKH 1HDO DQG -RKQVRQ  VWXG\ LV WKDW
WKH GDWD LQFOXGHV D UHODWLYHO\ DFFXUDWH PHDVXUH RI SULRU VNLOO OHYHO 8QIRUWXQDWHO\ VLQFH WKH
VWXG\ LV UHVWULFWHG WR PHDVXULQJ HFRQRPLF GLVFULPLQDWLRQ LW KDV QRWKLQJ WR VD\ DERXW WKH
QDWXUH RI OHJDO GLVFULPLQDWLRQ LQ WKH HFRQRP\ 7R nQG HPSLULFDO HYLGHQFH DERXW WKLV NLQG
RI GLVFULPLQDWLRQ ZH QHHG WR WXUQ WR D VWXG\ E\ .XKQ  8QIRUWXQDWHO\ WKH FRVW LV
WKDW DV 1HDO DQG -RKQVRQ  DUJXH WKH VNLOO OHYHO FRQWUROV WKH\ XVH DUH QRLV\ DQG DQ\
PDQ\ FDVHV KDYH ELDVHV WRZDUGV RYHUVWDWLQJ WKH DPRXQW RI GLVFULPLQDWLRQ
8VLQJ WKH  $PHULFDQ 4XDOLW\ RI (PSOR\PHQW 6XUYH\ DQG WKH  &DQDGLDQ 4XDOLW\
RI /LIH 6XUYH\ .XKQ  HVWLPDWHV WKH VWDWLVWLFDO UHODWLRQVKLS RI :KLWHV E\ VH[ EHWZHHQ
D QXPEHU RI KXPDQ FDSLWDO YDULDEOHV WKDW KDYH EHHQ XVHG WR SUR[\ IRU VNLOO OHYHO HGXFDWLRQ
MRE WHQXUH DJH HWF DQG WKH ZDJH HDUQHG XVLQJ RUGLQDU\ OHDVW VTXDUHV UHJUHVVLRQV +H WKHQ
PHDVXUHV WKH DYHUDJH HFRQRPLF GLVFULPLQDWLRQ E\ FDOFXODWLQJ WKH GLmHUHQFH EHWZHHQ ZKDW
DQ DYHUDJH IHPDOH HDUQHG DQG ZKDW VKH ZRXOG KDYH HDUQHG KDG VKH KDG WKH PDOH 2/6 FRHp
FLHQWV :KDW PDNHV WKLV VWXG\ LQWHUHVWLQJ IURP RXU SHUVSHFWLYH LV WKDW ERWK WKHVH GDWD VHWV
DOVR LQFOXGH D TXHVWLRQ DVNLQJ ZKHWKHU WKH HPSOR\HH KDG HYHU H[SHULHQFHG GLVFULPLQDWLRQ
7KH SX]]OLQJ nQGLQJ WKDW ZH ZLOO IRFXV RQ LV WKH IROORZLQJ UREXVW \HW RQO\ PDUJLQDOO\ VLJQLn
FDQW UHVXOW _ DQ LQYHUVH UHODWLRQ EHWZHHQ WKH DPRXQW RI PHDVXUHG HFRQRPLF GLVFULPLQDWLRQ
DQG WKH OLNHOLKRRG RI D ZRPHQ UHSRUWLQJ WKDW VKH KDG EHHQ GLVFULPLQDWHG DJDLQVW ,Q D
IROORZ XS VWXG\ %DUEH]DW DQG +XJKHV  nQG VLPLODU DOWKRXJK LQ WKLV FDVH VWDWLVWLFDOO\
VLJQLnFDQW HYLGHQFH RI WKLV LQYHUVH FRUUHODWLRQ LQ D FRPSOHWHO\ GLmHUHQW VDPSOH
7KLV UHVXOW WRJHWKHU ZLWK .XKQ
V H[SODQDWLRQ JHQHUDWHG D VLJQLnFDQW OHYHO RI FRQWUR
YHUV\ VHH %DUEH]DW DQG +XJKHV  (YHQ  DQG .XKQ  $OO RI WKH GLVFXVVLRQ
DQG DOWHUQDWLYH H[SODQDWLRQV RI WKH UHVXOW KDYH RQH WKLQJ LQ FRPPRQ $V .XKQ  S
 SXWV LW ?DQ\ CH[SODQDWLRQ
  ZLOO LQ VRPH ZD\ EH EDVHG RQ DQ RPLWWHG YDULDEOH LQ
WKH UHJUHVVLRQ RI UHSRUWV RQ PHDVXUHV
1RZ D ZRPHQ PLJKW UHSRUW KDYLQJ EHHQ GLVFULPLQDWHG DJDLQVW IRU D QXPEHU RI UHDVRQV
2QH VXFK UHDVRQ LV LI VKH EHOLHYHV VKH KDV EHHQ VXEMHFW WR GLmHUHQW KLULQJ DQG SURPRWLRQ
FULWHULD WKDW LV LI VKH VXmHUV IURP OHJDO GLVFULPLQDWLRQ $QRWKHU UHDVRQ IRU UHSRUWLQJ GLV
FULPLQDWLRQ LV LI VKH IHOW WKDW VKH HDUQHG OHVV WKDQ HTXDOO\ TXDOLnHG PHQ GRLQJ WKH VDPH
MRE 7KXV WKH DQVZHU WR WKLV TXHVWLRQ UHoHFWV ERWK OHJDO DQG HFRQRPLF GLVFULPLQDWLRQ 6LQFH
LQ RXU PRGHO LW LV SRVVLEOH IRU HPSOR\HHV WR EH OHJDOO\ GLVFULPLQDWHG DJDLQVW EXW QRW HFR
QRPLFDOO\ GLVFULPLQDWHG DJDLQVW DQG YLVD YHUVD WKH HPSLULFDO UHVXOW WKDW WKH DPRXQW RI
PHDVXUHG HFRQRPLF GLVFULPLQDWLRQ LV LQYHUVHO\ UHODWHG WR WKH SUREDELOLW\ RI UHSRUWLQJ KDYLQJ
VXmHUHG IURP GLVFULPLQDWLRQ QHHG QRW QHFHVVDULO\ EH LQFRQVLVWHQW
/HJDO GLVFULPLQDWLRQ GRHV QRW OHDG WR HFRQRPLF GLVFULPLQDWLRQ ZKHQ WKH GLVFULPLQDWLRQ
UHVXOWV IURP GLmHUHQFHV LQ IDPLOLDULW\ ,Q WKLV FDVH OHJDO GLVFULPLQDWLRQ DJDLQVW WKH PRUH
IDPLOLDU JURXS UHVXOWV EXW WKLV JURXS GRHV QRW DOZD\V HDUQ ORZHU TXDOLW\ DGMXVWHG ZDJHV $
SHUVRQ IURP WKH PRUH IDPLOLDU JURXS PLJKW KRQHVWO\ UHSRUW VXmHULQJ IURP OHJDO GLVFULP
LQDWLRQ \HW KDYH D KLJKHU TXDOLW\ DGMXVWHG ZDJH $V ZH KDYH DOUHDG\ SRLQWHG RXW WKLV LV
SUHFLVHO\ ZKDW KDSSHQV LQ WKH VHFRQG DQG WKLUG URZV RI 7DEOH  ,Q ERWK FDVHV ZH H[SOLFLWO\
GHPRQVWUDWH LQ WKH SUHYLRXV VHFWLRQ WKDW WKH OHJDO GLVFULPLQDWLRQ LV V\VWHPDWLF LW LV UHOD
WLYHO\ ODUJH LQ PDJQLWXGH DQG LW IDYRUV WKH OHVV IDPLOLDU JURXS W\SH K LQ WKH VHFRQG URZ
DQG W\SH O LQ WKH WKLUG URZ <HW WKH DYHUDJH TXDOLW\ DGMXVWHG ZDJH LV ORZHU IRU WKLV JURXS
%RWK RI WKHVH URZV DUH FRQVLVWHQW ZLWK ZKDW .XKQ  IRXQG _ WKH EHQHnW GHULYHG IURP
WKH UHODWLYHO\ ODUJH OHJDO GLVFULPLQDWLRQ FRXOG ELDV PHPEHUV RI WKH OHVV IDPLOLDU JURXS WR
QRW UHSRUW KDYLQJ VXmHUHG IURP GLVFULPLQDWLRQ HYHQ WKRXJK WKHLU TXDOLW\ DGMXVWHG ZDJHV
DUH ORZHU
7KH VWDWHG REMHFWLYH RI .XKQ
V RULJLQDO DUWLFOH ZDV WR HYDOXDWH WKH DGPLVVLELOLW\ RI HFR
QRPLF GLVFULPLQDWLRQ DV HYLGHQFH RI GLVFULPLQDWLRQ LQ D FRXUW RI ODZ LH OHJDO GLVFULPLQD
WLRQ ,Q %D]HPRUH HW DO Y :LOOLDP )ULGD\ HW DO  WKH 86 6XSUHPH &RXUW UXOHG WKDW
UHJUHVVLRQ DQDO\VLV GRFXPHQWLQJ SD\ GLmHUHQWLDOV FRXOG QRW EH GLVPLVVHG VLPSO\ EHFDXVH
WKH SRVVLELOLW\ WKDW RPLWWHG YDULDEOHV PLJKW H[LVW 7KLV SDSHU VKRZV WKDW H[FHSW LQ WKH
FDVH ZKHQ WKH GLVFULPLQDWLRQ UHVXOWV SXUHO\ IURP SDUWLFXODU GLmHUHQFHV LQ WKH GLVWULEXWLRQ
RI TXDOLW\ HYLGHQFH RI HFRQRPLF GLVFULPLQDWLRQ LV QRW VXpFLHQW WR FRQFOXGH OHJDO GLVFULPL
QDWLRQ H[LVWV 7KLV UHVXOW VXJJHVWV WKDW WKH DGPLVVLELOLW\ RI WKLV HYLGHQFH VKRXOG QRW VLPSO\
EH GHWHUPLQHG E\ WKH OLNHOLKRRG RI RPLWWHG YDULDEOHV 7KH LVVXH PLJKW KDYH PRUH WR GR ZLWK
WKH IDFWRUV UHVSRQVLEOH IRU WKH GLVFULPLQDWLRQ DV ZHOO WKH FKDUDFWHULVWLFV RI WKH GLVWULEXWLRQ
RI TXDOLW\ LQ WKH SRSXODWLRQ
 &RQFOXVLRQ
,Q PRVW GHPRFUDFLHV LW LV JHQHUDOO\ DFFHSWHG WKDW GLVFULPLQDWLRQ OLNH VODYHU\ LV PRUDOO\
ZURQJ 8QOLNH VODYHU\ LW ZDV ZLGHO\ SHUFHLYHG XQWLO UHFHQWO\ WKDW GLVFULPLQDWLRQ FRQWLQXHG
WR H[LVW *RYHUQPHQWV RI WKHVH GHPRFUDFLHV VDZ WKHPVHOYHV DV KDYLQJ DQ LPSRUWDQW UROH LQ
HOLPLQDWLQJ WKH SUDFWLFH
7KH DQDO\VLV LQ WKLV SDSHU LV UHVWULFWHG WR RQO\ VWDWLVWLFDO GLVFULPLQDWLRQ ,W GRHV QRW
H[DPLQH WDVWHEDVHG GLVFULPLQDWLRQ :H ZRXOG DUJXH WKDW DQWLGLVFULPLQDWLRQ ODZ ZDV RULJ
LQDOO\ GHVLJQHG WR HOLPLQDWH WDVWHEDVHG GLVFULPLQDWLRQ QRW QHFHVVDULO\ VWDWLVWLFDO GLVFULP
LQDWLRQ ,Q OLJKW RI WKLV LW LV LQWHUHVWLQJ WR FRQVLGHU ZKDW HmHFW WKHVH ODZV PLJKW KDYH RQ
HPSOR\HUV ZKR GR QRW KDYH D WDVWH IRU GLVFULPLQDWLRQ EXW QHYHUWKHOHVV VWDWLVWLFDOO\ GLVFULP
LQDWH
&RQVLGHU nUVW DQ HFRQRP\ LQ ZKLFK OHJDO GLVFULPLQDWLRQ UHVXOWV RQO\ IURP HPSOR\HUV

GLmHULQJ DELOLWLHV WR DFFHVV TXDOLW\ LQ GLmHUHQW SRSXODWLRQ JURXSV ,Q WKLV FDVH D ODZ RXWODZ
LQJ OHJDO GLVFULPLQDWLRQ FRXOG DFWXDOO\ GLVDGYDQWDJH WKH OHVV IDPLOLDU W\SH %\ QRW DOORZLQJ
HPSOR\HUV WR XVH IDFWRUV VXFK DV UDFH LQ WKHLU GHFLVLRQV WKH\ ZRXOG QRW EH DEOH WR FRP
SHQVDWH IRU WKHLU RZQ LQDELOLW\ WR PHDVXUH TXDOLW\ LQ WKH XQIDPLOLDU JURXS 7KH QHW UHVXOW
ZRXOG EH WKDW WKH PRUH IDPLOLDU JURXS PHPEHUV ZRXOG JHW EHWWHU MREV WKDQ WKH\ RWKHUZLVH
ZRXOG KDYH JRWWHQ $V PRUH PHPEHUV RI WKLV JURXS DUH KLUHG RYHUDOO HPSOR\HU IDPLOLDULW\
ZLWK WKLV JURXS LV OLNHO\ WR ULVH DW WKH H[SHQVH RI WKH RWKHU JURXS UHVXOWLQJ LQ WKH NLQG RI
IHHGEDFN PHFKDQLVP WKDW &RUQHOO DQG :HOFK  VKRZ FDQ OHDG WR RQO\ PHPEHUV RI WKH
IDPLOLDU JURXS EHLQJ KLUHG
7KH HmHFW RI TXRWD W\SH ODZV FDQ DOVR \LHOG VRFLDOO\ XQGHVLUDEOH UHVXOWV 7DNH IRU H[
DPSOH WKH HFRQRP\ LQ 6HFWLRQ  ZKHQ cK  c O $OWKRXJK WKHUH LV DOPRVW QR HFRQRPLF
GLVFULPLQDWLRQ LQ WKLV HFRQRP\ H[SHFWHG ZDJHV GLmHU E\ QR PRUH WKDQ  WKH IUDFWLRQ
RI DSSOLFDQWV WKDW DUH XOWLPDWHO\ KLUHG IURP HDFK JURXS GLmHUV GUDPDWLFDOO\ DFURVV MREV VHH
7DEOH  (PSOR\HUV RmHULQJ ORZHU VNLOOHG MREV KLUH UHODWLYHO\ PRUH ZRUNHUV RI W\SH O WKDQ
HPSOR\HUV RmHULQJ KLJKHU VNLOOHG MREV GR 7KXV RYHUDOO DYHUDJH ZDJHV GLmHU GUDPDWLFDOO\
EHWZHHQ WKH WZR SRSXODWLRQ W\SHV 6XSSRVH D JRYHUQPHQW XSRQ REVHUYLQJ WKLV FRQFOXGHG
WKDW VLJQLnFDQW HFRQRPLF GLVFULPLQDWLRQ H[LVWHG DQG SDVVHG D TXRWD ODZ UHTXLULQJ DOO HP
SOR\HUV WR KLUH HPSOR\HHV RI D SDUWLFXODU W\SH LQ WKH VDPH IUDFWLRQ DV WKH\ DUH UHSUHVHQWHG LQ
WKH SRSXODWLRQ ,Q RUGHU WR FRPSO\ WKH KLJKHU VNLOOHG HPSOR\HUV ZKR DUH DFWXDOO\ GLVFULP
LQDWLQJ DJDLQVW WKH ?EHWWHU W\SH LQ WKLV H[DPSOH ZRXOG EH IRUFHG WR GURS WKHLU VWDQGDUGV
VLJQLnFDQWO\ 7KLV GUDPDWLFDOO\ UHGXFHV WKH DYHUDJH TXDOLnFDWLRQV RI WKHLU W\SH O HPSOR\HHV
SUHVXPDEO\ DGYHUVHO\ DmHFWLQJ SURGXFWLYLW\ 2QH PLJKW VWLOO DUJXH WKDW WKLV SURGXFWLYLW\
ORVV LV D QHFHVVDU\ FRVW WR HOLPLQDWH GLVFULPLQDWLRQ LQ WKH HFRQRP\ KRZHYHU LW LV LPSRUWDQW
WR NHHS LQ PLQG WKDW WKH DPRXQW RI ERWK OHJDO DQG HFRQRPLF GLVFULPLQDWLRQ ZDV PLQLPDO WR
EHJLQ ZLWK
7KHUH LV DOVR WKH TXHVWLRQ RI KRZ WR HQIRUFH FXUUHQW DQWLGLVFULPLQDWLRQ ODZ ,W LV YHU\
GLpFXOW WR GHWHUPLQH HPSLULFDOO\ ZKHWKHU DQ HPSOR\HU GRHV XVH UDFH RU VH[ LQ WKH KLULQJ
GHFLVLRQ 2QH FULWHULRQ WKDW LV VRPHWLPHV XVHG LV WKH IUDFWLRQ RI D SRSXODWLRQ JURXS KLUHG
WR WKH JURXS
V IUDFWLRQ RI WKH RYHUDOO SRSXODWLRQ 7KH SUREOHPV ZLWK VXFK D SROLF\ DUH EHVW
LOOXVWUDWHG LQ WKH KLJK VNLOO VHFWRUV RI WKH HFRQRPLHV LQ 6HFWLRQV  DQG  ZKHQ cK  c O
,Q WKHVH VHFWRUV W\SH K DJHQWV DUH ERWK HFRQRPLFDOO\ DQG OHJDOO\ GLVFULPLQDWHG DJDLQVW
+RZHYHU DV WKHUH DUH IDU IHZHU W\SH O DJHQWV ZKR PHHW WKH TXDOLW\ VWDQGDUGV IRU WKHVH
MREV WKH IUDFWLRQ RI WKHVH DJHQWV ZKR DUH HPSOR\HG LQ WKHVH VHFWRUV LV PXFK ORZHU WKDQ
WKHLU RYHUDOO IUDFWLRQ LQ WKH SRSXODWLRQ 3DUDGR[LFDOO\ LW LV WKH XQGHUUHSUHVHQWHG W\SH WKDW
EHQHnWV IURP WKH GLVFULPLQDWLRQ
$QRWKHU FULWHULRQ WKDW KDV EHHQ XVHG DV HYLGHQFH RI GLVFULPLQDWLRQ LV UHJUHVVLRQ DQDO\VLV
WKDW FRQWUROV IRU VNLOO GLmHUHQFHV (YHQ LI WKH LVVXHV ZLWK nQGLQJ DFFXUDWH PHDVXUHV RI
HPSOR\HH VNLOOV DUH VHW DVLGH DW EHVW WKLV NLQG RI DQDO\VLV FDQ RQO\ SURYLGH HYLGHQFH RI
HFRQRPLF GLVFULPLQDWLRQ 7KH SUREOHP LV WKDW WKH H[LVWHQFH HFRQRPLF GLVFULPLQDWLRQ GRHV
QRW QHFHVVDULO\ LPSO\ WKH H[LVWHQFH RI OHJDO GLVFULPLQDWLRQ 7KLV UHVXOW LV DUJXDEO\ WKH
PRVW VLJQLnFDQW IURP D SROLF\ SHUVSHFWLYH EHFDXVH LW TXHVWLRQV FXUUHQW OHJDO SUHFHGHQWV WKDW
LPSOLFLWO\ DFFHSW HFRQRPLF GLVFULPLQDWLRQ DV HYLGHQFH RI OHJDO GLVFULPLQDWLRQ
7KH REMHFW RI WKH DQWLGLVFULPLQDWLRQ ODZV WKDW ZHUH SDVVHG LQ WKH HDUO\ VL[WLHV ZDV
WR HOLPLQDWH ZKDW DW WKH WLPH ZDV ZLGHO\ UHFRJQL]H WR EH WDVWHEDVHG GLVFULPLQDWLRQ
(PSLULFDOO\ WKHUH LV VWURQJ HYLGHQFH HJ 1HDO DQG -RKQVRQ  WKDW WKH OHJLVODWLRQ
KDV EHHQ VXFFHVVIXO DQG VR RQH PLJKW ZHOO DUJXH WKDW FXUUHQW GLVFULPLQDWLRQ LV QR ORQJHU
SULPDULO\ WDVWH EDVHG ,I WKLV WUXH WKH UHVXOWV LQ WKLV SDSHU VKRZ WKDW LW PLJKW EH ZRUWK
VWXG\LQJ ZKHWKHU WKHVH ODZV DQG WKH OHJDO SUHFHGHQWV EXLOW DURXQG WKHP FRQWLQXH WR VHUYH
WKH RULJLQDO REMHFWLYH RI HOLPLQDWLQJ GLVFULPLQDWLRQ LQ WKH HFRQRP\
$SSHQGL[
$ /RJFRQFDYLW\
/HW *[ EH D GLVWULEXWLRQ IXQFWLRQ ZLWK DVVRFLDWHG GHQVLW\ IXQFWLRQ J[ 'HnQH K[ s
J￿[￿
￿b*￿[￿ WKH KD]DUG UDWH






DUH ERWK QRQGHFUHDVLQJ DQG
J￿￿[￿
J￿[￿ LV QRQLQFUHDVLQJ
3URRI 7KH SURRI WKDW K[ LV QRQGHFUHDVLQJ LV ZHOO NQRZQ VHH $Q  7KH IDFW WKDW
J￿￿[￿










 b *[  G
u
K[  G b K[
VR WKLV UDWLR LV QRQGHFUHDVLQJ EHFDXVH K[ LV QRQGHFUHDVLQJ
% /HPPDV
/HPPD % +ROGLQJ ZDJHV n[HG IRU DQ\ Ve
WL DQG x TW
































7DNLQJ WKH GHULYDWLYH RI %Ve
L x TL￿￿V e
L c X V L Q J L S U R Y L G H V 
G%Ve





L x TL￿￿V e
L  c
>x TL b %Ve
L x TL￿￿V e
L c  @ Jbc IVe
L c > %Ve
L x TL￿￿ x TL b x TL￿￿@ JVe
L b x TL￿￿ Ix TL￿￿
5 x TL
x TL￿￿ JVe
L b X G)X
! 
EHFDXVH E\ /HPPD  WKH nUVW WHUP LV QRQQHJDWLYH DQG WKH VHFRQG WHUP LV VWULFWO\ SRVL
WLYH %￿ GHQRWHV WKH SDUWLDO GHULYDWLYH ZUW WKH nUVW DUJXPHQW
/HPPD % ,Q HTXLOLEULXP IRU HDFK W\SH W I KOJ DQG HYHU\ L  , x TW
L b cW !V e
WL






L ￿ RI WKH HFRQRP\ DQG DVVXPH WKH RSSRVLWH
_ DVVXPH WKDW x TW
L bcW  Ve
WL 1RZ FRQVLGHU WKH LQIHUHQFH PDGH E\ DQ HPSOR\HU LQ VHFWRU L
XSRQ VHHLQJ IURP DQ DSSOLFDQW RI W\SH W D VLJQDO UHDOL]DWLRQ V  >x TW
L bcW  x TW
L￿￿c W@ 8VLQJ




















XG ) WX 
EHFDXVH E\ WKH DVVXPSWLRQ DQG /HPPD  WKH LQIHUUHG TXDOLW\ FDQQRW OLH RXWVLGH WKH
VXSSRUW RI WKH TXDOLW\ GLVWULEXWLRQ 1RWH WKDW  GRHV QRW GHSHQG RQ WKH VLJQDO UHDO
L]DWLRQ VR WKH HPSOR\HU LQIHUV WKH VDPH TXDOLW\ IRU DQ\ V  >x TW
L b cW x TW
L￿￿ c W@ 6LQFH
Ve
WL  >x TW
L b cW x TW
L￿￿ c W WKH LWK HPSOR\HU LQIHUV WKH VDPH H[SHFWHG TXDOLW\ IRU VLJQDOV Ve
WL
DQG x TW
L￿￿ c W+ R Z H Y H UV L Q F Hx TW
L￿￿ c W !V e
WL WKLV LPSOLHV WKDW Ve
WL LV QRW WKH FULWLFDO VLJQDO
ZKLFK LV D FRQWUDGLFWLRQ











3URRI  7KH HTXLOLEULXP VHQVLWLYLW\ RI WKH FULWLFDO VLJQDO Ve
WL WR WKH OHYHO RI QRLVH cW FDQ













WL c W b EL IWVe
WL c W
Ve
WL  :LcW b EL IWVe
WL  :LcW

1RWH WKDW E\ WKH GHnQLWLRQ RI WKH FULWLFDO VLJQDO Ve
WLD WO H D V WR Q HD J H Q WZ K R V HW U X HT X D O L W \
H[FHHGV EL DQG ZKR FDQ UHDOL]H Ve
WL PXVW H[LVW LH Ve
WL c W !E L )XUWKHUPRUH IURP 
ZH KDYH WKDW Ve
WL  :LcW b EL   7KXV ;D Q G ZL
ZL￿￿   LPSOLHV WKDW :L w  VR
#Ve
WL

























7KH UHVXOW IROORZV E\ XVLQJ WKH IDFW WKDW   :L  D Q G;
& 3URRIV
3522) 2I /(00$  )RU FRQYHQLHQFH WKH W\SH VXSHUVFULSW ZLOO EH VXSSUHVVHG 'LmHU





D XJ ￿V b X G)X b %VDE
5 E
D J￿V b X G)X
5 E
D JV b X G)X

)RU WKLV H[SUHVVLRQ WR EH QRQQHJDWLYH WKH QXPHUDWRU PXVW EH QRQQHJDWLYH 7KDW LV ZH
QHHG WR VKRZ WKDW
= E
D
XJ ￿V b X G)X w %VDE
= E
D
J￿V b X G)X%VDE 
1RWH WKDW IURP WKH GHnQLWLRQ RI %VDE LH  ZH KDYH
= E
D
X b %VDE JV b X G+XVDE   
)URP WKH IDFW WKDW J[L VO R J F R Q F D Y H E \/ H P P D$  
J￿￿VbX￿
J￿VbX￿ LV QRQGHFUHDVLQJ IRU DQ\






















XJ ￿V b X G)X w %VDE
= E
D
J￿V b X G)X
3522) 2) /(00$  :H DVVXPH WKH RSSRVLWH DQG GHULYH D FRQWUDGLFWLRQ $VVXPH
WKDW IRU VRPH M!LWKHUH H[LVW DJHQWV D DQG E RI WKH VDPH W\SH ZLWK TXDOLWLHV TD !T E VXFK





















6LQFH TD !T E  LPSOLHV WKDW WKH IXQFWLRQ
￿b*W￿[￿
￿b*W￿[￿G￿Z K H U HG! LV VWULFWO\ GHFUHDVLQJ
DW VRPH SRLQW %XW E\ /HPPD $ WKLV FRQWUDGLFWV WKH DVVXPSWLRQ WKDW WKH KD]DUG IXQFWLRQ
LV LQFUHDVLQJ HYHU\ZKHUH






L ￿ RI WKH HFRQRP\





X b EL JVe
OL b X G)OX  
LQ HDFK VHFWRU L: K H Q
IK
IO LV VWULFWO\ LQFUHDVLQJ RQ >x TW
L￿￿V e















X b EL JVe


















1RZ E\  %KVe
KL x TK
L￿￿V e
KL c  EL VR E\ FRQGLWLRQ LL RI /HPPD % Ve
KL V e
OL7 K L V
LPSOLHV WKDW x TK
L￿￿  x TO
L￿￿ E\ FRQGLWLRQ L RI WKH VDPH OHPPD
3522) 2) 352326,7,21  6LQFH ERWK JURXSV KDYH LGHQWLFDO VLJQDO QRLVH Ve
OL w Ve
KL
LPSOLHV WKDW IRU HYHU\ TV e
OL c 3KTL !3 OTL 7KXV VR ORQJ DV ERWK FDQGLGDWHV
FKRRVH WR DSSO\ IRU WKH VDPH MRE WKH H[SHFWHG ZDJH RI WKH W\SH K FDQGLGDWH FDQ EH QR
VPDOOHU WKDQ WKH H[SHFWHG ZDJH RI WKH W\SH O FDQGLGDWH
%\ WKH UHYHDOHG SUHIHUHQFH DUJXPHQW LI D FDQGLGDWH RI W\SH K DQG TXDOLW\ T  x TK
L￿￿V e
OL
c F K R R V H VW RD S S O \I R UM R EL b W K H QZLb￿3KTL b  w ZL3KTL 6LQFH ZL3KTL w
ZL3OTL ZH KDYH WKDW ZLb￿3KTL b  w ZL3OTL 6LPLODUO\ LI D FDQGLGDWH RI W\SH
O DQG TXDOLW\ T  x TK
L￿￿V e
OL  c FKRRVHV WR DSSO\ IRU MRE L W K H QK L VH [ S H F W H GZ D J HL V
ZL￿￿3OTL  ZL￿￿ +RZHYHU E\ UHYHDOHG SUHIHUHQFHV ZL￿￿ Z L3KTL VR ZL￿￿3OTL
 Z L3KTL DQG VR WKH SURSRVLWLRQ DOVR KROGV ZKHQ WKH FDQGLGDWHV DSSO\ IRU GLmHUHQW
MREV
3522) 2) 352326,7,21  6\VWHPDWLF OHJDO GLVFULPLQDWLRQ IROORZV LPPHGLDWHO\ IURP
3URSRVLWLRQ  3URSRVLWLRQ  JXDUDQWHHV WKDW IRU HDFK VHFWRU LW \ S HO DJHQWV ZLWK TXDOLW\
EHWZHHQ x TK
L￿￿ DQG Ve
OL  c VXmHU HFRQRPLF GLVFULPLQDWLRQ 6LQFH DOO RWKHU DJHQWV DSSO\ IRU
MREV WKDW WKH\ FDQ JHW IRU VXUH WKHLU H[SHFWHG ZDJH LV MXVW WKH ZDJH LQ WKH VHFWRU WKDW WKH\
FKRRVH WR DSSO\ )XUWKHUPRUH DJHQWV RI WKH VDPH TXDOLW\ DSSO\ IRU WKH VDPH MRE UHJDUGOHVV
RI WKHLU W\SH 7KXV WKHVH DJHQWV ZLWK WKH VDPH TXDOLW\ HDUQ WKH VDPH ZDJH ZKLFK SURYHV
WKH UHVXOW






L ￿ RI WKH HFRQRP\













ZKLFK LPSOLHV WKDW x TW
L￿￿ w Ve
WL IRU W   OK E\ WKH V\PPHWU\ RI JWc 7KXV IRU DQ\ T!x TW
L￿￿
Ve
WL b T 
7KH UHVW RI WKH SURRI IROORZV WKH VDPH ORJLF DV WKH SURRI RI 3URSRVLWLRQ  8VLQJ  LQ





X b EL JOVe
OL b X G)X  




OLbT￿ LV VWULFWO\ LQFUHDVLQJ IRU
T  x TW
L￿￿V e


















X b EL JKVe
OL b X G)X
ZKHUH WKH VHFRQG LQHTXDOLW\ IROORZV IURP WKH IDFW WKDW cO  cK DQG Ve
OL c O w EL1 R Z









1RWH WKDW T!x TO
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Ve




X b EL JKVe
OL b X G)X





OL b X G)X
5 Ve
OL￿cK




1RZ LQ HTXLOLEULXP %KVe
KL x TK
L￿￿V e
KLcK EL VR E\ FRQGLWLRQ LL RI /HPPD % Ve
KL V e
OL






L ￿ RI WKH HFRQRP\
& R Q V L G H UK R O G L Q JZ D J H Vn [ H GD Q GL Q W U R G X F L Q JDW K L U GW \ S HR ID J H Q WW RW K L VH F R Q R P \ 7 K H V H
QHZ DJHQWV KDYH D TXDOLW\ GLVWULEXWLRQ JLYHQ E\ )K DQG D VLJQDO QRLVH GLVWULEXWLRQ JLYHQ E\
*O/ H WA VL DQG A TL  L   , EH WKH FULWLFDO VLJQDOV DQG TXDOLW\ ERXQGV WKDW VLPXOWD
QHRXVO\ VDWLVI\  DQG  IRU WKHVH DJHQWV %\ 3URSRVLWLRQ  A VL V e
OL DQG E\ 3URSRVLWLRQ
 Ve
KL  A VLV RVe
OL !V e
KL
3522) 2) 352326,7,21  3LFN DQ\ L! DQG FRQVLGHU DSSOLFDQWV RI TXDOLW\ T  x TO
L
%\ /HPPD % cK ! cO  x TO
L ! x TK
L  7KXV DQ DSSOLFDQW RI TXDOLW\ T DQG W\SH K DSSOLHV
IRU MRE Lb DQG KDV H[SHFWHG ZDJH ZLb￿3KTLb %\ WKH UHYHDOHG SUHIHUHQFH DUJXPHQW
ZLb￿3KTL b  !Z L3KT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